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The Spermatogenesis of Stenohothms viridulvs ; with Special Reference to 
the Heterotropic Chromosome as a Sex Determinant in Grasshoppers. 
By Capt. C- F. U. Meek, F.L.S. 

(Plates 1-3.) 

[Read 1st December, 1910,] 

Introduction. 

Since Van Beneden discovered in 1883 that the somatic number of chromo- 
somes is halved in the mature germ-cells of both sexes, the attention of 
investigators has been turned to the phenomena of the maturation divisions 
and to the problems to which they give rise. The literature upon spermato- 
genesis and oogenesis has become very extensive, and it is impossible to 
discuss here the numerous questions that have arisen during the last few 
years. I shall therefore touch only upon certain points of controversy, 
directly concerned with the morphology and function of the chromosomes. 

Although the halving of the somatic number of chromosomes is no longer 
denied, considerable disagreement exists as to the manner in which reduction 
is effected. In the eumitotic type of maturation, lK>th mitoses are regarded 
as being equational ; but the majority of cytologists uphold the doctrine of 
pseudoinitosis, in which one maturation division is reductional. They have, 
however, not decided whether this division is the first or second ; and in this 
way the rival theories of Pre-reduction and Post-reduction have arisen. 

The researches of vom Rath in 1892-5 upon the spermatogenesis of 
UNN. JOURK. — XOOLOOY, VOL. XXXIl. I 
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(Jrj/llotalpa led him to assert that the first maturation division is longitudinal, 
the second being transverse and reductional ; and MctJlung’s paper upon 
Ilippisnis in 1899 has corroborated this view. Further evidence in support 
of the theory of Post-reduction has since been supplied by the work of 
Sutton upon Brachystola mapna, and by the more recent investigations 
of Nadine Nowlin and Kobortson upon Melaiwplus hiinttatus and Syrhula 
admimbilis respectively. On the other hand, de Sinoty, in a paper upon the 
Phasinida}, lias declared that both maturation divisions in the Orthoptera are 
longitudinal and equational. Jn 1905 Montgomery, writing on Syrhvla^ and 
Fanner and Moore, writing on Periplaneta^ upheld the theory of Pre- 
reduction ; and this view has since been adopted by Davis in a paper upon the 
Acridida* and Locustidae, and by Gerard in a paper upon Stemhothms hiyuttulus. 

The studies of Sutton upon Bracliystola mayna led to certain discoveries 
with regard to the chromosomes themselves: firstly, he found that they 
exhibited a remarkable degree of isolation, for each became enclosed in a 
distinct vesich^ during the telophase of the secontlary spermatogonial mitosis. 
These vesicles fused later at one jiolar extremity, with one oxcej>tion to which 
I shall allude. Since the chromosomes remain in compartments during 
resolution into spiremes, he has concluded that their individuality is never 
lost, and that they are morphologically inde[)endo!it units : this phtMumuuion 
has b(%en observed by Otte in LoeuMa viridmima, but is apparently confined 
to a small number of organisms. The nucleus at this stage usually exhibits 
a long, continuous, and highly convoluted s}>ireme, or even a complete 
reticulum, formed by the combined resolution of the chromatin filanijents ; 
Gerard describes this condition in Stemhothrus biyuHuIuSj in which he finds 
no trace of separate vesicles, 

Sutton further discovered in Brachyntola that the chromosomes of tlie 
spermatogonial complex invariably show certain size and shape relationships, 
and that, with one exce])tion, they <mn be arranged in a graduated series of 
pairs : this has since been corroborated in other types by the work of 
Jlaumgartner, Davis, Gerard, McClung, Montgomery, Nowlin, Robertson, 
t\u) Schreiners, Stevens, and Wilson. He found moreover that these 
relationships persist in the later spermatocytes, and, since the number of 
chromatin bodies is halved at this stage, concluded that a conjugation of 
members of the spermatogonial pairs had occurred during the intervening 
period. This view is now held by iJie majority of cytologists ; and Otte says 
that he has actually w’^itnossed a side to side conjugation of chromosomes in 
JjQcmta. Bonnevie, Sainmont, Wilson, and von Winiwarter carry the theory 
even farther, for they believe that there is complete fusion of the associated 
chromosomes during this period of lateral juxtaposition ; on the other hand, 
the entire theory of conjugation is denied by Duesberg, Fick, Gerard, and 
Meves. 

This theory has been eagerly seized by Meudelians to explain the 
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segregation of character factors necessary to that mode of inheritance : the 
members of each spermatogonial pair are assumed to be respectively j)aternal 
and maternal in derivation, so that the juxtaposition of their component 
chromomeres permits the exchange of character factors obtained from the 
two parents. This is merely an hypothesis, but there scorns to be little 
doubt that the number and size and shape relationships of the chromosomes 
are constant for the species ; and it is j^robable that we shall eventually find 
morphological correlation between the complexes of allied members of a 
group. 

Lastly, there is the problem of the heterochromosomes, investigated 
originall)" by Wilson, and divided by him into three classes — idiochromo- 
soines, heterotropic chromosomes, and microehromosomes. The first-named 
consist of two elements, differing in size and staining deeply during the 
resting stages and growth ])oriod of the primary spermatocytes ; they later 
conjugate, and still later divide, the larger i)assing to one pole and the 
smaller to the other. The oogonia show a corresponding |)air of chromo- 
somes, but in this case both are of the same size. Spermatozoa possessing 
the larger idiochromosoine produce females, those possessing the smaller 
produce males. The heterotropic chromosome occurs in the spermatogonial 
cell as a sijigle element, and behaves like the ordinary chromosomes in the 
second maturation mitosis, but passes entire to one daughter cell at the first. 
As in the case of the idiochromosome, it is represent<id in th(‘ oogonia by 
a pair. Spermatozoa containing the heterotropic chromosome produce 
females, and thos<» without it males. Wilson has suggested that, in the male, 
it acts as a male determinant, and that it passes from one s(*x to the other 
alternatively, being recessive in the female : Hertwig, Taiilmier, and AVassilieff 
regard it as a degenerating chromosome that will eventually become extinct — 
a view strongly o])poso<l by McClung. 

In 1899 MclUung drew attention for the first time to this peculiar 
chromosome in the male germ-cells of Aiphidium : and it has since been 
studied in a large number of organisms, j)articularly Orthoptera. He 
found that it undergoes no resolution into a spireme during the primary 
spermatocyte resting-stage, hut persists as a compact and darkly staining 
body on the periphery of the nucleus : ho erroneously slated that il divides 
longitudinally at both maturation divisions, but corrected this mistake in a 
later paper upon the Locustida;. This ‘‘accessory chromosome of MetUnng 
has been found by de Sinely in the Phasinida', and by Sutton in Hmchymiola : 
Baumgartner has studied it in Gryllus ; and bis results have been confirmed 
by Ghitherz, working upon the same material. Otto has observed it in 
Loeustay Grerard in Stenobothrus higuttulxiSy Nowlin in Melaxurplvs hivittatus, 
and Robertson in Syrbula admimbilu : Davis has seen it in every member 
of the Acrididse and Locustidsc that ho has studied, and further, has 
shown tlmt this “ gionosome ” is represented in the oogonia by a pair of 
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chromosomes. He found it in certain cases enclosed in a vesicle during the 
resting-stage, but considers this condition artificial and unimportant. 

Somewhat different results were obtained in 1905 by Montgomery working 
upon Syrbula aeuticornis^ for he declared that the heterotropic chromosome 
is represented in the spermatogonial cell by two chromosomes, and that it 
divides at both maturation divisions. Robertson^s researches however upon 
the closely allied S. admirabilis afford no evidence of this paired condition, 
and support the view that this chromosome passes entire to one pole at the 
first maturation division, splitting longitudinally at the second : this seems to 
be the normal occurrence in the Orthoptera, for it has been observed by 
Baumgartner, Davis, Gerard, Gutherz, McClung, Nowlin, Otte, Robertson, 
de Sinety, Sutton, Wilson, and others. 

The discovery in the male germ-cell of an odd chromosome, which passes 
entire to one pole at a subsequent mitosis, and the discovery that in allied 
types the unequal members of one spermatogonial pair pass to opposite poles 
have proved that dimorphism of spermatozoa exists in certain groups ; and, 
since spermatozoa of the one kind produce males, and those of the other 
females, sex, in those organisms, must be determined at the moment 
when the spermatozoon enters the micropile, immediately prior to amphi- 
mixis, This has given rise to the hypothesis that dimorphism of spermatozoa/ 
occurs throughout the animal kingdom, and that sex is determined in thu 
manner. 

It is possible that the presence or absence of a particular chromosome is 
the factor controlling sex ; but it is equally possible that this chromosome 
contains only certain of the numerous characters peculiar to one sex, and 
that its passage to one pole is closely connected with the passage to that pole 
of the ordinary chromosomes, after they have divided on the equatorial plate. 
The function of the chromosomes is not yet understood : although the 
majority of cytologists believe that the chromatin alone contains the bearers 
of the hereditary characters, some still afiirm that the C}ix)plasm is the solo 
agent in this respect, and that the chromatin fulfils the subordinate r61e of a 
nutritive substance. The experiments of Bovori upon the fertilization of 
enucleated Echinoderin ova appeared convincing, but unhappily the same 
experiments repeated by Delage and others gave .diametrically opposite 
results. It seems of little importance whether the transmitted material is 
composed of actual character |actors, or whether it represents a con- 
catenation of physical units, resulting in the phenomena implied in heredity ; 
but it is important to ascertain by what means these phenomena are 
reproduced generation after generation. 

The character factors may eventually be found to reside in both chromatin 
and cytoplasm, being distributed in the latter during the resting-stages for 
purposes of nutrition, and being collected together in the chromatin filaments 
only during the stages immediately preparatory to kaiyokinesis : this would 



SPEKMATOGENESIS OF STKNOBOTHKUH VIHIDULI 8. 


a 

explain the resolution of the chromosomes into spiremes or reticulum^ and 
their later shortening and consequent closer associaticn of granules — the 
chromatin in this case serving merely as a convenient vehicle for the precise 
distribution of character factors, or their equivalents, between the two 
daughter cells. 

Materul and Methods. 

My material was collected at Nannerch, in Flintshire, N. Wales, in the 
last week of August 1909. The grasshoi)pers were killed in chloroform 
w ithin a few hours of capture, and w ere placed whole in the fixative after the 
wings and legs had been removed, and the iniegument of the hack slit up to 
allow readier access to the fluid. I have obtained excellent results with 
Perenyi’s chromo-nitric acid solution, the resting-stages and various phases 
ol‘ mitosis being very perfectly preserved : the majority of writers on insect 
spermatogenesis, however, appear to have used Flemming’s strong chromo- 
aceto-osmic acid solution, Hermann’s platino-aceto-osmic acid solution, or the 
fixatives of Bonin and Zenker. 

The grasshoppers w'ere transferred after two hours to a 50 aqueous 
solution of alcohol, and an hour later were placed in a 70 % solution, in 
which they remained for twelve hours ; they w^ere then stored in a solution 
ol‘ 80 alcohol. This >torage solution was changed twice during the first 
month, having become thick and discoloured with pigment. 

AVhen required for embedding, the tester were dissected out, and placed 
for twenty-four hours in a 90% f^olution of alcohol: after being passed 
tlirongh absolute* alcohol and cleared in cedar-w^ood oil, they were embedded 
in paraffin, remaining for twenty minutes in the first bath and for fifteen in 
tb(' second. I used ])araflin with a melting-point of 52° (.., since T found 
that paraffin with a higher melting-point had a tendency to overheat the cells. 
Sections were cut with an ordinary (.ambridge rocking microtome to thick- 
nesses varying from 5 to 10 /a, uml were invariably stained on the slide. 
The nuclear stains used were Heidenhain’s iron bscmatoxylin, iron brazilin, 
and safranin, the first-named being used alone or in conjunction with a 
plasma stain — e. eosin, congo-red, or picro-cannine ; 1 also used the 

tricolor stain of Flemming, and the permanganate of potassium method of 
Henneguy. 

In staining wdth the iron haematoxylin, 1 used, as a mordant, an aqueous 
solution of iron alum, in which the slides remained for six hours ; they w’ere 
then stained for twelve or fifteen. Davis left his slides in the mordant for 
only two hours, and in tlie skiin for from four to six ; but 1 have found that 
the longer period gives better results as regards sharp definition, while the 
process of differentiation can be more perfectly controlled. In the cases 
where a second stain was used, the slides were left for ten minutes in the 
plasma stain before being transferred to the iron hjcmatoxylin : the iron 
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alum has no effect upon the former, but this cannot be said of the alcohol ; 
so groat care must be tjikon not to wash out the whole of the plasma 
stain in the subsequent process of dehydration through successive strengths 
of alcohol. The iron haunatoxylin gives the best results in all cases where it 
is required to bring the chromosomes and nucleoli into evidence ; and this 
is particularly noticeable wlien camera-lucida drawings are needed. Davis 
obtained his best results with iron hsematoxylin in iconjunction with bordeaux- 
red, and has confined himself almost entirely to this combination. 

When staining with safranin I used a 50 % solution in alcohol, leaving the 
slides in it for from twelve to twenty-four hours ; this gives an orange-grey 
tint to the protoplasm, the chromatin staining bright red. Henneguy^s 
method is a modification of this, for tho safranin used is made by 
Zwaardemaker s formula, being a mixture of equal volumes of alcoholic 
safranin and anilin water : the slides were placed for five minutes in a 
5^0 aqueous solution of permanganate of potassium, which acts as a mordant, 
and then stained lor six or twelve hours, after careful washing in running 
water. The (ixcess of colour was removed by a high strength of alcohol. 
AVilcox used this method when working upon Calopteaus femuT^vahrum^ and 
obtained good results ; lie however allowed the slides to remain in the stain 
only for a few minutes. 

In the iron brazilin method, first described by Hickson no second stain is 
necessjiry, lor the cytoplasm as well as the chromatin is aflccted ; the slides 
were placed for two or three hours in a solution of iron alum in 70 ‘‘/j, alcohol, 
and were then stained lor from sixteen to tw^enty-four hours. This stain is 
useful for studying late st^ages of unripe spermatozoa and their earlier 
spermatid transformations. 

The tricolor stain of Flemming gives very delicate results, particularly in 
stages other than those ot actual mitosis. I stained in safranin for forty-eight 
hours, and washed the superfluous colour out with strong alcohol ; the slides 
were then taken down to water through successive strengths of alcohol, and 
w^ore stained for several hours in an aqueous solution of gentian, after which 
they >vere washed in wahT and placed for ten minutes in a similar solution 
of orange G, which acts as a differentiating agent for the gentian. This 
combination gives a purple tint to the chromosomes and nucleoli, the spindle 
fibres, <tec., appearing in various shades of grey and brown. 

The Follicles of the Testis. 

The tesl.es are two ovoid paired organs lying dorsally to the alimentary 
canal in the middle of the abdomen, and so closely associated that they can 

* Plickstm, S. J., attuning with Brazilin, Quart. Joum. Micr. Sci. xliv. p.469, 1901. 
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be dissected out as -a single body : they consist o£ a number of tubular 
follicles, tapering at tbe ends, and opening posteriorly into a duct com- 
niunicating with the vas deferens. 

By numbering tbe follicles in a section, and allotting the same numbers to 
corresponding follicles in successive sections of a complete series, it is ])ossiblo 
to reconstruct the follicle in any particular case, anti to recognize tbe true 
position of one section in the whole, in cases where the razor has cut 
transversely or at an angle to tbe plane of length. 



.. - . Primary ^Sperm- 
atogonia, 

SeconcLaty diifo. 

T'-r. Growth period. 
Primary Sperm- 
atocytes. 

A^f.inaturah'ofh 
. divisions. 

Vi, 

^'Spermatids- 
''-’‘Unripe Sperm - 
-,..^atozoa. 
'-::^i/nches otripe 
y' Spermatozoa . 


Degenerating 

Cet/s. 


At the aniorior end of each follicle is a single cluster of primary spermato- 
gonia with th(^ apical cell, and several clusters of secondary spermatogonia, 
arranged without definite order. The resting- or growth-stages of tins 
primary spermatocytes occupy a considerable area, lying posteriorly to 
the spermatogonia ; and the heterotropic chromosome is here seen for the 
first time as a dark and compact body apposed to the nuclear membrane. 

We next see the various phases of the primary and secondary spermatocyte 
mitoses, there being no resting-stage between these two divisions. Pro- 
ceeding still further towards the posterior end of the follicde, we meet with 
the transformation from spermatids to unripe spermatozoa ; the former are 
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ill scattered groups, and the latter in more closely associated bunches. 
Beyond these are dense masses of ripe spermatozoa, placed at considerable 
intervals in the lumen of the follicle : the extreme end is occupied by 
degenerating cells that will undergo no further development. 

The posterior half of the follicle is occupieil by unripe and ripe sperma- 
tozoa, and the greater part of the anterior half is closely packed with the 
primary spermatocyte growth-stages. The follicle is divided into tracts, in 
which these various stages are found, the partitions arising from the follicle 
wall : further subdivision is effected by septa, dividing the tracts Into cysts. 
(Jells in one cyst are not all at the sam(‘. stage ; and the precjocious cells of 
one section correspond with the laggards in the next. When the follicle has 
been cut at right angles lo its length, the succession of stages can be followed 
with great accuracy until we come to the spermatids, when the identity of 
the follicle is lost, clusters of spermatozoa alone being distinguishable. 


Spermatogonia. 

The extreme anterior zone of ihe mature follicles is divisible into two parts, 
occuiiied respectively by th(i primary and secondary spermatogonia. The 
former are arranged in a single layer round a central cell — the a|)ieal cell — 
recognizable by its regularly ovoid nucleus, in which lies a group of large 
and deejily staining granules, the ordinary chromatin particles being 
distributed in irregular blotches. The niicioi of the primary spermiitogonui 
are situate in the region of their cytoplasm furtliest from the apical cell, and 
present a lohuhite appearance, as can be seen in tig. 1, on Plate 1. The 
chromatin is disposed in minute particles upon the linin threads of an 
apparently complete reticulum ; and I have failed to find any massing of 
larger grannies, as in the case of the ajiieal cell. Each follicle contains one 
apical cell with its attendant primary spermatogonia. 

At present little is known of the nature of this apical cell, which has been 
found and studied in many insect forms, but principal!} in the Lepidoptera ; 
its function is not yet understood, but it probably plays an important rule by 
ufEording either nourishment or physical sujiport to the cells destined to 
become spermatozoa. On the other hand, it has been suggested that it is a 
degenerate spermatogonial cell, or the mother cell of the primary spermato*- 
gonia surrounding it, or that its function is connected with the formation of 
the zones into which the follicle portions are subdivided. Davis has found 
it in the members of the Acrididaj and Locustidse that he has studied, and 
has shown that in Dissosteira Carolina^ Arphia tenehrosa^ Chortophaga 
vindifasiiata^ and Stenohothnia curtipennis it is completely surrounded by 
the single layer of primary spermatogonial cells, but only partly surrounded 
in Melanoplus femoratua and mppisms tuberculatusj being at one side in 
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contact with the connective-tissue cells. Gerard further distinguished it in 
Stenobothrus biguttvlus by its deeper cytoplasmic colouring ; but 1 have not 
found this in my material. The cluster of primary spermatogonia is 
surrounded by numerous connective-tissue cells, recognizable by their small 
size and deeply stained nuclei. The secondary sperinatogonial groups are 
completely enclosed by cyst-walls, formed from connective-tissue cells, and 
lie posteriorly to the primary spermatogonia in irregularly disposed clusters, 
often so closely i)acked that the cells become distorted. Each grouj> has 
been formed by repeated division of a single cell, originally extruded from the 
primary sperinatogonial figure, so that there is a continuous stream of cells 
passing towards the posterior end of the follicle. A secondary sperinatogonial 
cyst is shown on Plate 1. fig. 2, from which it will be seen that these cells 
closely resemble the primary spermatogonia, but are easily distinguishable 
by the absence of the apical cell. 

As in the case of the primary spermatogonia, the resting-stage nucleus 
shows a series of chromatin granules disposed along linin threads : I have 
been unable to discover whether we are dealing here with one continuous 
thread, much convoluted, or with a number of threads, irregularly placed 
in such a manner that they combine to give this reticular appearance. 
Montgomery seems to have experienced the same doubt in the case of 
Stjrlnda. Uavis merely describes a network, in which chromatin granules 
are massed at the intersections of the linin threads. 

There are iwo sj>ermatogonial generations ; and this agrees with the 
results of Montgomery upon Sf/rlmla acifiicornis, Gerard upon Stenobothrm 
bii/uttuhiSy and Davis upon numerous members of the AcrididsD and 
Lociistidfc. Sutton however has declared that there are eight in Brachy- 
stola ; and Wilcox has been unable to determine the exact number in 
Calojdenus feinur-rubrum, McClung suggests that the number varies with 
the species. 

In the resting-stages the nucleus is not deeply stained. The prophase of 
division is characterized by the flowing together of granules on the linin 
threads ; and these chromatin particles become more and more closely 
associated until they form the ragged filaments, representing the forerunners 
of the compact bodies that later appear on the periphery of the karyokinetic 
spindle. As condensation proceeds, the chromatin exhibits greater affinity 
for the iron haematoxylin, so that distinct correlation exists between the 
intensity of staining and the degree of proximity of the associating particles. 
The formation of the spindle is preceded by the appearance of two small 
asters in the cytoplasm, close to the periphery of the nucleus. The chromatin 
filaments have by this time assumed the shapes and sizes characteristic of 
the chromosomes ; and they now arrange themselves on the equatorial plate, 
preparatory to division, the metaphase complex showing seventeen chromosomes 
of varying shapes and sizes. 
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In every complex that I have studied I have found the same nuniher of 
dhromosomeS) and the same size and shape relationships. With the exception 
of the heterotropic chromosome, the members of tlie complex can bo 
arranged in a graduated series of eight pairs, divisible into three groups, 
small, large, and medium ; there are throe small pairs, of which two are 
spherical and the third ovoid, three pairs of large rod-shaped chromosomes 
bent slightly at the middle, and two pairs of medium chromosomes, which 
usually appear as straight rods. The heterotropic chromosome is the fourth 
largest in the complex, and is a straight or very slightly bent rod, recognizable 
for the first time at this stage. By choosing metaphases where the 
chromosomes overlap only to a small extent, and by making camera-lucida 
drawings upon successive occasions and comparing results later, I have tried 
to minimize the possibility of error in counting the number of chromosomes 
present; this difficulty is not experienced in the metaphases of the 
spermatocytes, where only half the spermatogonial number is found, and 
where cells can be chosen in which no overlapping occurs. Plate 1. figs. 3 
& 4 show polar views of the spermatogonial inetaphase, the seventeen 
chromosomes being arranged on the equatorial plate. 

Gerard has foUnd seventeen chromosomes in the spermatogonial complex 
of Stenobothrus biguttuhit, and Davis's results in the case of S. curtipennit 
agree with this. McClnng in an early paper suggested that the number is 
dependent on the family, and is a consent, but this has not been found to be 
strictly true. I believe the number is constant for the genus, but not for a 
larger subdivision of the animal kingdom. Since the number has been 
found to vary in the Orthoptera, it is interesting to compare the results of 
writers upon this subject. Sutton has found twenty-three chromosomes in 
Brachyetola moffm, capable of being arranged in three small and eight large 
pairs, with an odd or beterotropic chromosome ranking among the latter. 
Davis has counted the same number in Arphia tenebrom, HippueuBiubercuUUttt, 
Chortophaga viridifamata, and Melanoplut femortUus. In the Locustid, 
Sleiroxgt triUneata, he has found twenty-nine, and has shown that in all 
cases the ordinary chromosomes can be arranged in pairs forming a graduated 
series. McClung has observed thirty-three chromosomes in XipTudium 
fasciatum ; and Nadine Nowlin has counted twenty-three in Mdanophis 
bivittatvu. When working upon crickets, Baumgartner found twenty-nine 
in Grplltu ammilit and twenty-osf« in G. domestkm. 

The chromosomes, after placing themselves on the spindle, divide 
longitudinally, and their halves pass to opposite poles ; tiie ^vision of the 
heterotropic ohromosome is longitudinal, but ocenrs .often at a later stage, 
when fhe ordinary chromosomes have begun to move i^rt t an example of 
the secondary spermatc^nial telophase in shewn on Plate 1. fig. 5. On 
i^aatddiig the pdies the chromosomes eJengate aad i^pear to lose their 
for tiie inm hsematoxylin ; as the nuoleai' tnembmne reforms, tHey 



SPBRMATOGlCNBSIS OF STENOBOTHRUS VIRIDULUS. H 

become more and more ragged ; and this dissociation of chromatin continnes 
until we see again the characteristic resting-stage with its chromatin 
granules disposed along linin threads, which combine either in reality or in 
appearance to produce a complete reticulum. The whole process is merely 
an inverse repetition of that preceding division. The heterotropic chromosome 
takes no part in this diffusion of chromatin, and remains throughout this 
stage as a darkly stained and homogeneous body apposed to the nuclear 
membrane, where its affinity for the stain and smooth outline render it 
extremely conspicuous. 


Primary Spermatocytes. 

After the last spermatogonial division, resulting in the formation of two 
daughter primary spermatocytes, the nucleus is much reduced in size. 
McClung has pointed out that at this stage reproduction is replaced by 
constructive metabolism, and that the chromosomes, after exhausting their 
metabolic resources, unite their common energies to build up a uew 
cytoplasm. This suggestion probably furnishes the true explanation, but in 
any case possesses considerable pragmatic value, for some process of this 
nature undoubtedly occurs. 

The cells undergoing this resting- or growth-stage occupy large areas in 
the follicle, and the gradual increase in size as we proceed more and more 
posteriorly is very noticeable. This growth-period is continued until the 
nucleus has attained its maximum size, when the cell enters the prophase of 
the next mitosis. Plate 1. figs. 6 & 7 show the difEerence between the 
primary spermatocyte immediately after the secondary spermatogonial 
division and immediately before the next mitosis. The nucleus shows a 
reticulum, composed of chromatin granules placed along linin threads, the 
individuality of the ordinary chromosomes being completely lost. 

It will be remembered that at this stage Sutton found no loss of 
. individuality of the chromosomes in Brachystola j each chromosome under- 
went resolution into a spireme in a separate sac, in which it remained 
completely isolated, although the sacs fused at one end to form a common 
chamber. - He consequently met with no reticulum, or appearance of a 
reticulum, and so put forward this phenomenon as a convincing proof of the 
individuality of the chromosomes. Robertson observed a similar condition 
in Syrhula^ but did not always find the sacs, containing the ordinary 
chromosomes, clearly distinguishable. Both Sutton and Robertson describe 
a distinct vesicle, in which the heterotropic chromosome lies, having no 
morphological connection with the vesicles of the other chromosomes. I 
have been unable to find the smallest trace of such vesicles, and am confirmed 
in this by the work of Gerard on StenohotTirm Uguttulus — a member of the 
mne genus. 
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Xlw propliase of ^vision is charaotomeil by the closer assooiaiion cf 
chromatiD granules on the linin threads of the reticulum ; and this process 
continues until the latter is resolved into a number of ragged filaments, 
which shortra and thicken, and later assume a boomerang shape. By this 
time all trace of the component granules is lost ; and the ragged horseshoe 
bodies, folding themselves into figures of eight and rings, are gradually 
transformed into the smooth and clearly defined chromosomes. The 
resolution of the reticulum into filaments is shown on Plate 1. fig. 8, and the 
subsequent shortening and thickening of the boomerangs in fig. 9 of the 
same Plate. The various shapes assumed by the chromatin filaments at a 
still later stage are shown on Plate S. figs. 10-19, the most prominent types 
being crosses, rings, and loops. The last-named may be doubled to form a 
complete figure of eight, or may form a single loop with tree ends twisted or 
crossed over one another. 

As soon as the centrosomes have taken up their position at the poles, the 
chromosomes appear on the equatorial plate, and the characteristic metaphase 
figure is once more represented. The heterotropic chromosome remains as a 
dark and smoothly outlined body close to the nuclear wall while the 
chronjatin filaments are being transformed into chromosomes : it then takes 
its place among them on the imitotic spindle. The number of filaments 
evolved from the reticulum is eight, so that nine chromatin bodies compose 
the metaphase complex. In this manner the sixteen ordinary chromosomes 
of the spermatogonial cell have been halved, and this reduction must be 
effected before the breaking up of the spireme, for I have found no evidence 
of lateral association of filaments after this has occurred. Gerard has 
obtained similar results, but explains the rednction at the somatic number by 
describing an association of granules, the reticulum meshes combining in 
pairs by means of fine anastomosing threads ; he has found that this process 
always begins near the heterotropic chromosome. On the other hand, Davis 
denies that a continuous spireme is formed, but mentions a similar massing 
of grannies at this stage ; he describes how the spiremes appear later in the 
form of loops, attimhed by their free ends to the nuclear membrane, and, 
since the number of loops is half the somatic number of the chromosomes, 
suggests that each loop is composed of two univalbnt chromosqnies united 
end to end. 

The . chromosomes on ibe equ^rial plate exhibit the same suse and shiq>e 
rektiontdnps found in the spermatogonial complex : of the right ordinary 
chromosomes, three are large, three small, and two ri medium sise, the 
heterotropiq chromosome again being the fourth largest Ihis can be seen 
. from Platel2i! where a polar view of the metaphase is j^reu in fig. 20. The 
maalkr chrmnosomee are the first to divide, dmrion in all cases being 
hmi^adiiial ; this agrees wi^ the results of Baumgartaier, Gerard, 
BtjishdenMnsi,. .MoCluiig, hlimtgomety, l^owlhi, Bobertson, Staton,. WUcqx, 
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and others. The heterotro^no chromosome does not divide at this mitosis, 
and may often be seen on its way to one pole, while the ordinary chromosomes 
are still on the equatorial plate. Illnstrations of this are shown on Plate 2. 
fi^s. 21 & 22, and a still later sta^e in % 23, where the ordinary 
chromosomes, still attached to one another by connecting-fibrils, are moving 
towards the opposite poles. In every case the hetorotropio chromosome 
passes entire to one daughter cell, so that dimorphism of the spermatozoa is 
effected at this mitosis, half the resulting secondary spermatocytes possessing 
this odd chromosome, and half being without it. No resting-stage follows 
the telophase, for the two maturation divisions occur in rapid succession. 

Seoondart Sfebmatootteb. 

Large areas are frequently to be seen occupied by cells undergoing these 
two divisions ; and the absence of an intervening resting-stage is not 
characteristic only of this species, for it has been observed In many other 
types. 

The chromosomes that assemble on the mitotic spindle are nine or eight 
in number, the difference depending upon the presence or absence of the 
heterotropic chromosome, which is found in only half the cells. The complex 
exhibits tbe same size relationship that occurred in the earlier metaphases : 
there are once more three small chromosomes, of which two are spherical 
and the third ovoid, three large chromosomes appearing as Y’s with their 
component arms closely folded on one another, and two chromosomes of 
intermediate size, also represented by a pair of arms joined at one extremity. 
The heterotropic chromosome, when present, is still the fourth largest of the 
complex. Examples of polar views of the metaphase, showing the chromosome 
complex, are given on Plate 2. figs. 25, 26, & 27. 

Later we see the ordinary chromosomes dividing in mitosis at the junction 
of their component arms, one arm going to each pole. If the arms are 
.really the associated members of the spermatogonial pairs, this division 
must effect the separation of chromosomes that became laterally associated 
two generations previously ; and if we accept tbe further hypothesis that the 
members of these pairs are respectively paternal and maternal in derivation, 
we must regard this mitosis as the means of separating chromosomes 
obtained from the two parents, after a possible exchange of chromatin. 
There is however no direct evidence to prove that the component arms of 
these Y-shaped chromosomes correspond with the members of the spermato- 
gonial pairs, or that the members of the pairs are derived frmn both 
parents, altiiough there are reasons for assuming the truth of idiesf two 
'si^posiffonB. 

The heterotropic chromosome is the last to divide, and can oftmi be seen 
on idle periphery of tbe mitotic spindle when the ordinary chrombsomes are 
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raasaiag at the polss ; on these occasions it appears in the form two Y’s, 
whose apices are distally placed with respect to one another. An illnstration 
of this ph«KMnenon is given on Plate 3. fig. 28. This “lagging" of the 
heterotr(^io chromosome has been observed by Baumgartner in Gryllus, by 
Davis in namerous members of the Acrididse and Locustidse, and by many 
writers in the case of other types. 

Tlie cytoplasm becomes constricted shortly after the chromosomes have 
passed to the two poles, and in this manner two daughter spermatids are 
formed. 


Speematids. 

As soon as the nuclear membrane of the spermatids has formed, the 
(hromosomes become ragged, and dissociation of their component granules 
begins to take place. This process continues until the individuality of the 
ordinary chromosomes is completely lost, the nucleus exhibiting several 
irregularly placed blotches, in which the chromatin granules are faintly 
distinguishable. The heterotropic chromosome retains its individuality for 
a considerable time, remaining intact as a darkly stained body in the midst 
of the dissociating ordinary chromosomes ; it subsequently becomes resolved 
into a mass of granules, and loses its identity in the general chromatin 
reticulum. Plate 3. fig. 29 shows a cell at this stage of development. 

Shortly after this a body appears outside and in contact with the nuclear 
membrane, forming a conspicuous object cn account of its great affinily^ for 
the iron hsematoxylin and its characteristic bead or knob shape. The axial 
filament grows out from a clearly marked constriction in the middle of this 
“ centrosome,” and, as the cytoplasm of this region gradually elongates to 
form the tailpiece of the unripe spermatozoon, increases in length and 
appears as an indistinct line down its entire length. The chromatin grannies 
have now become extremely minute, and the nucleus has the appearance 
of an uniformly grey body, in which the component chromatin particles 
cannot be distinguished. This gradual transformation is shown on Plate 3. 
figs. :io & 31. 

The elongation of the tail and axial filament is l^r accompanied by a 
corresponding elongation of the nucleus, which loses its spherical shape and 
appears in that of a torpedo. The “ centrosome ’’ still ooonpies its original 
position between the axial filament and the posterior end of &e nucleus, but 
is slightly reduced in size ; this can be clearly seen in figs. 32 & 33. 
The lengthoaing of the nucleus and tailpiece continues, and the “centro- 
some " becomes smaller and smaller. The nucleus gradiudly becomes darker, 
doubtless owing to a cloror association of its chromatin p^cles. Plate 8. 
figs. 34 A 35 show this fnrtiter elongation, the reduced size of the 
“ ceatrqfcme " being very noticeable, 



SPERMATOGENESIS OF 8TENOBOTHBU8 YIRIDULUS. 


IS 


The torpedo«sliaped spermatids are to be seen scattered in the follicle, and 
are very prominent objects on account of the strong staining of the iron 
hsematoxylin : they are placed usually with their heads towards the anterior 
end of the follicle, and travel as unripe spermatozoa, tail first, towards the 
posterior end. As they elongate further into the thin thread-like form 
characteristic of the unripe spermatozoa, they become associated in ragged 
clusters, which continue to condense until we find solid masses of ripe and 
finely drawn out spermatozoa situate at irregular intervals in the lumen of 
the follicle. Plate 3. fig. 3(1 shows the penultimate stage immediately 
preceding the transformation into the mature spermatozoon, and is a good 
example of the much reduced “ centrosome and the darkly staining and 
considerably elongated nucleus. 


Summary. 

1. The apical cell is found at the extreme anterior end of the mature 
follicle, completely surrounded by a single layer of primary spermatogonial 
cells. There is only one apical cell in each follicle. 

2. The secondary spermatogonia occur in clusters and morphologically 
appear similar to the primary cells, but are recognizable by the absence of 
the apical cell and by the number of clusters. 

3. The nucleus exhibits an apparently complete reticulum in the resting- 
stages of both primary and secondary spermatogonia ; there is no trace of 
the identity of either heterotropic or ordinary chromosomes. 

4. The chromosomes of the spermatogonial complex can be arranged in 
a graduated series of pairs, and are divisible into three groups, viz., large, 
small, and medium-sized chromosomes. The number of ohroinosomes is 
constant and is seventeen, the fourth largest being unpaired and corresponding 
with the “ monosome and ‘‘ accessory chromosome of other writers. 

5. All the members of the spermatogonial complex divide in mitosis ; but 
the odd or heterotropic chromosome often ‘‘ lags,” and can be seen on the 
spindle when the ordinary chromosomes are assembling at the poles. 

6. The nucleus is at its smallest size after the last spermatogonial division, 
and this stage is followed by a clearly observable growth-period, extending 
to the prophaso of the first maturation division. In this resting-stage the 
nucleus again exhibits a chromatin reticulum, the granules being disposed 
along linin threads : the identity of the ordinary chromosomes is lost, but 
the heterotropio chromosome remains as a dark and homogeneous body close 
to the periphery of the nucleus, and undergoes no resolution into a spireme. 

7. I have found no trace of separate sacs or vesicles in which chromo- 
somes undergo transformation into spiremes, either in the case of the hetero* 
tropic or the ordinary chromosomes. 

3. The e(|uatorial plate of the primary spermatocyte mitosis sbpws nine 
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cbromosomes, agam divisibla into three groups as regards siso. The £oarth 
hurgestof the complex is /andonbtedly the heterotropic chromosome. The 
diidinct correspondence between the size and shape relationships of the 
secondary spermatogonial and primary spermatocyte complexes pmnts to 
tile posaibifity of a lateral conjugation o£ members o£ the spermatogonial 
pairs duriag the intervening period, but is not a proof o£ it. 

9. The ordinary chromosomes divide in the primary spermatocyte meta- 
phase, and their halves pass to opposite poles o£ the spindle : the heterotropio 
chromosome shows no sign of division, and passes entire to one daughter cell, 
while the ordinary chromosomes are still on the equatorial plate. In this 
manner dimorphism o£ the subsequent spermatozoa is elSeoted. 

10. I have been unable to discover whether reduction— the separation o£ 
conjugant members — occurs at the first maturation division or at the next ; 
possibly both divisions are equational, and only a numerical reduction 
takes place as a result of lateral association o£ chromatin granules , or 
masses on the reticulum threads prior to the primary spermatocyte prophase 
o£ mitosis. 

11. There is no resting-stage between the first and second maturation 
divisions ; the constriction of the cytoplasm to form the two daughter 
secondary spermatocytes is closely followed by the appearance of the next 
karyokinetic spindle. 

12. The complex of the secondary spermatocyte cell shows nine or eight 
chromosomes, and this difference is due to the presence or absence of 
the heterotropic chromosome, which is found in only 50 % of the cells. 
The chromosomes exhibit the same size relationships that occurred in the 
previous metaphases, there being three large chromosomes, three small, and 
two of intermediate size. The heterotropic chromosome, when present, is 
the fourth largest of the complex. Two of the three small chromosomes are 
spherical, and the third is ovoid or slightly dumb-bell shaped : the remainder 
appear as two arms jointed at one end and closely apposed to one another. 

13. I find no direct evidence to prove that these arms are the represen- 
tatives of the spermatogonial pairs. 

14. Division occurs at the junction of the componmt arms. The hetero- 
tropic chromosome usually “lags,” and can be seen on the spindle when the 
ordinary .chromosomes have passed to the two opposite poles. 

15. The formation of the nuclqar membrane in the spermatids is followed 
by resolutmn of the ordinary chimnosomes into their componmit grannies. 
This process continues until the nucleus appears of an unif onnly grey colour, 
in which tiw incUvidoality of the chromatin parHelw is lost; The hetero- 
tiopio chriMumfome remains at first as a darkly isiainhig and irre^phu* body, 
but lat«r undergoes resolution into particles^ whose idmi^ is indistinguish- 
able in the common cbronu^n mass. 

16. Tbe-a|ipearance ^ the “ o^trosOme ? is toHowed by the formation of 
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the axial filament, arising near the constriction in the middle of this body. 
The cytoplasm in this region elongates to form the tail of the unripe sperma- 
tozoon, and the axial filament appears as a faint line running down the 
centre of the tail. The elongation of . the nucleus and the tailpiece con- 
tinues, and is accompanied by a reduction of the centrosome,^’ which 
finally becomes extremely small. 

17. The head of the spermatozoon is composed of the nucleus; the 

centrosome ” forms the middle piece, and the axial filament and its sur- 
rounding cytoplasm form the tail. 

18. The spermatids travel later towards the posterior end of the follicle 
with their heads turned towards the anterior end ; and this phenomenon is 
observable in the spermatozoa. The spermatids are found scattered in the 
follicle, the unripe spermatozoa in more closely associated clusters, and the 
ripe spermatozoa in solid bunches. 

19. At no stage have I observed a discharge of chromatin from the nucleus, 
and I have seen nothing to suggest that the whole of the chromatin is not 
directly concerned vriih the transformation from the resting reticulum to the 
compact chromosome condition of the metaphase. 

20. The extreme posterior end of the follicle contains numerous degene- 
rating cells, in which irregularly shaped masses of chromatin stain deeply 
with the iron hsematoxylin. 

21. Although the individuality of the chromosomes is completely lost in 
the resting- stages of the spermatogonia, spermatocytes, and spermatids, with 
the one exception of the heterotropic chromosome in the primary spermato- 
cyte growth-period, there is strong reason for supposing that the same 
elements appear on the successive mitotic spindles throughout development. 
It is possible that the component granules of a particular chromosome are 
not the same in these cases, for an exchange of chromatin particles may 
occur during the reticulum stages, and if this occurs we have at present no 
means of discovering the extent of this exchange. It must, therefore, not be 
assumed that corresponding chromosomes of tw^o successive metaphases 
contain the same individual chromomeres. 

Ip conclusion, I offer my thanks to Prof. Hickson and his staff for placing 
the research laboratories of Victoria University at my disposal, and for the 
encouragement that I have received in carrying out this research. 
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EXPLANATION OF THE PLATES. 

The original drawings were made with the aid of a large Abbe camera lucida, and are 
reproduced here at the same magniii cation. All the figures are magnified 2600 diameters, 
except figs. 1 and 2, which are magnified only 750 diameters. The preparations were 
studied by means of a Zeiss apochromatic oil-immersion objective of 2 mm. focus and 
N.A. 1*30, and compensating oculars Nos. 6, 12, and 18. Illumination was obtained from 
an acetylene burner, the light being directed on to the mirror through a globe condenser 
containing a weak aqueous solution of copper acetate. 

All the drawings shown are made from preparations fixed with Perenyi's fiuid and 
stained with Heidenhain*s iron hmmatoxylin, and in certain cases counterstained with eosin. 
The sections were cut to a thickness of 10 fi. 1 have endeavoured to render comparison 
between the successive stages easy by adopting this plan of drawing the figures to the same 
magnification. 


Platx 1. 

Fig'. 1. Cyst containing apical cell surrounded by a single layer of primary spermatogonial 
cells. The lobulate appearance of the distally placed nuclei of the latter is very 
noticeable. The apical oelTs nucleus exhibits the irregular masses of chromatin 
and the peculiar cluster of deeply staining granules. 

Fig. 2. Cyst containing a cluster of secondary spermatogonia, and recognisable by the 
t.b«once of the apical cell. 

Fig. 8. Secondary spermatogonial metaphase, seen from one pole. The seventeen chromo- 
somes ore paired, and can he divided into three groups as r^ards size. The 
heterotropic ohxombsome is the fourth largest, and is marked X. 

Fig. 4. Ditto. 

Fig. 5. Lateral view of secondary spezmatc^nial telophase. The heterotropie chromo- 
' some has divided late. 

Fig. 6. Besting- or growthi^stage immedii^y fisllowiag secondary spermatogonial mitosis. 
The ordinaay chromosomes have become resolved into an apparent reticnlum, in 

2 * 
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vhidi their individufllify Is lost: the heterotropic ohromosome is seen in its 
ohmeteristic form as a fokly stainiaif body apposed to the nuclear membrane. 
The Budeus is here at its sooalleet Tolume. 

fig. 7. The same at a later stage. The growth of the nucleus is very noticeable. 

Fig. d Beginning of primary spermatocyte prophase. The reticulum has become con- 
verted into a highly convoluted spireme, the heterotropic chromosome remaining 
as a homogeneous mass apposed to Uie nuclear wall. 

Fig« 9. Later prophase of primary spermatocyte. The spireme has broken into filaments, 
which have become more darkly stained by the closer association of their com- 
ponent granules. These filaments are shortening and thickening and have begun 
to assume the characteristic ring and boomerang shapes. A nucleolus is shown 
above the heterotropic chromosome. 

Plate 2. 

Figs. 10-19. Chromatin filaments twisted into crosses, rings, and single or double loops; 

they ha\6 become shorter and more condensed than they appeared in the last 
figure, and will shortly transform themselTea into the smooth and compact 
chromosomes of the metaphase complex. 

fig. 90. Polhr view of the primary spermatocyte metaphase — the first maturation division, — 
showing the nine chromosomes, again divisible into large, small, and medium- 
sised chromosomes. The heterotropic is still the fourth largest and is marked 
with a cross. 

Fig. 21. Lateral view of the primary spermatocyte metaphase. The ordinary chromosomes 
are arranged on the mitotic spindle, and the heterotropie chromosome has already 
passed to the lower pole. 

Fig. 92. Ditto. 

Fig. 92. Lateral view of the later anaphase of the primary spermatocyte division. The 
ordinniy chromosomes have begun to move towards the opposite poles, but are 
still attached to one another by the connecting fibrils. The heterotropic chromo- 
some has passed to the upper pole ^without division. All the chromosomes are 
shown. 

Fig. 94. Lateral view of the primary spermatocyte telophase, showing the massing of 
chromosomes at the two poles of the jpindle. 

Fig. 95. Polar aspect of the secondary spermalceyte mataplkase. The nine chromosomes 
are exhibited, and are again divisihiaintb three '•email, three large, two medium, 
and the odd heterotropic chromosome. Two the small chromosomes are 
spherical and the third ovoid ; the remainder are seen as a |^r of arms joined at 
one extremity and closely apposed to one another. 

Figs. 96, 97. Ditto. It must not be forgotten that the heterotropic chromosome only Occurs 
in 60 Vo of fJwse cells. 


rtATBS. 

Fig. 98. Lateral view of the secondary spermatonyte mitosis— the second maturation 
divMoa. The hetexotroiuc chromosome is seen on^ the iglndlo, with its halves 
attadhed to one another by the Gonneotiug lagging 

dixomoseme. The ordinary chromoaomes sss aseimMed al the two poles. 

Fig. 99. BesliiigH»iage of the spcifmatid. The ovdsnasy ckeiMlsso^ have become resohed 
into their component chromatin pertt^ and ItaH hmt their identities ; the 
heterotropic chiOmosome has become idkrMgh the same process, but can 

still be keeogtiised. It is marked X* 
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Fig« SO. Later stage of spermatid. The centrosome ” has appeared, and the axial filament 
is growing out near its constriction. The cytoplasm below the ** centrosome 
has begun to elongate into the tail. 

Fig. 31. Ditto. In this later stage the chromatin particles of the nucleus have become so 
minute that thoir individuality is lost. 

Fig. 32. A later stage of the above. The nucleus is elongating and is becoming darker. 
The reduction in size of the centrosome ** is noticeable. 

Fig. 83. Ditto. 

Fig. 34. The elongation of nucleus and cytoplasm of tail has transformed the spermatid 
into an unripe spermatozoon. The reduction of the centrosome ” is veiy 
marked. 

Fig. 86. Ditto. 

Fig. 36. Final stage before transformation into the ripe spermatozoon. The darkly stained 
nucleus is forming the head, the centrosome the middle piece, and the axial 
filament with its surrounding cytoplasm the tail. The centrosome lias become 
considerably smaller than it appeared in fig. 36. 
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A Comparison of the Summer Plankton on the West Coast of SootlAnd with 
that in the Irish Sea. By Prof. W. A. Hebdhab, D.Sc., F.R.S., F.L.S. 


[Read 3rd November, 1910.] 

During the last four summers (1907-1910, inch) I have spent the first 
few weeks (July) of the vacation in taking plankton hauls from the 




Fig. 1. — “ Nansen" Closing Tow-net 
in action. 


I. Open, as it descends and as it 
fishes. 

II. Closed, as it is hauled in after 
fisliing. 

M, messenger to effect closing ; 
li, releasing apparatus $ 

T, throttling noose ; 

C, canvas front to net ; 

B, brass bucket containing the catch ; 
W, weight. 


S.Y. * Ladybird ’ amongst the islands and sea loobs of the west of Scotland, 
and the remainder of the time (in August and September) in similar work 
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further south, ia the Irish Sea. A comparison of the collections leads one 
to the conclusion that in addition to soasonal changes there may be marked 
local differences in the plankton, so much so as to give a characteristic 
appearance to the gatherings from certain localities. 

The plankton hauls from the yacht were in all cases taken with the same 
nets and in the same method, and the after-treatment was also always the 
same ; so that the various gatherings are as nearly comparable as is 
possible. All the vertical hauls were made with the smaller ^‘Nansen” 
net, a closing-net (fig. 1) of no. 20 silk, with the month 35 cm. in diameter. 



Fio. 2.— Lucas Sounding-Machine as used with Nansen Vertical 
Closing Net on ‘ Ladybird.’ 

Surface gatherings were sometimes taken at the same time with ordinary 
open surface tow-nets made of the same silk as the “ Nansen ** net and of 
approximately the same size. The Lucas Bounding-Machine (fig. 2) fitted 
with 200 fathoms of pianoforte wire was found to be' tnost convenient and 
expeditious in taking these deep vertical hauls. 

The temperature of the surface water of the sea in the Hebrides varied 
this summer during the month from 11*8** C. on July 11th, off Oonna, to 
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13*1*’ 0. on July 19th;,^off the N. point of Eigg* During the same period 
the surface temperature oflE Port Erin in the Irish Sea ranged from 11*6° C. 
to 13-8° C. 

As my main object was to obtain samples of vertical hauls from the deeper 
parts of the British seas^ I selected localities off the West Coast of Scotland 
where the charts showed depths of over 50 fathoms, and where possible of 
over 100 fathoms. In addition to surface gatherings and the Irish Sea 
series, I have now 33 successful vertical hauls in Scottish waters from 
depths of over 50 fathoms and 18 from over 100 fathoms (see fig. 8, p. 88) 
The deepest are ; — 133 fathoms, between Croulin and Longa Islands in the 
Sound of Raasay, and 130 fathoms between Ganna and Rum, south of Skye. 

The localities may conveniently be grouped in three series : (1) those north 
ot Obauj (2) those Lirther south in the Clyde sea-area, and (3) those in the 
Irish Sea. The northern Scottish series number 41, the southern series 26, 
and those from the Irish Sea, from depths over 50 fathoms, are 66 *. The 
list of localities is as follows, arranged according to the day of the month 
irrespective of years : — 


I. North ok Oban. 

(1) ll-vii-’lO ; Hyskeir, S. of Canna; surf. (2 hauls). 

(2) 12-vii-*10; Vatersay Sound; surf. (2 hauls). 

(.'!) 13-vii- 09 ; Ardmore, N. of Mud ; 94 faths. 

(4) 13-v]i~’09; Between Canna and Bum ; 130 faths. 

(5) 14-vii“-’09; Loch Nevis, Sd. of Bleat ; 76 faths. 

(6) 14-vii-*10 ; N. of Canna; 80 and 106 faths. 

(7) 14-vil-*10; Between Canna and Bum; 128 filths. 

(8) 16-vii~W; L. Hourn, Sd. of Sleat ; 76 and 90 faths. 

(9) 16-vii-*09 ; Between Croulin and Longa, N, of Skye ; 183 faths. 

(10) ]7-vii~*08; Loch-na-Beist, Skye ; 6 faths. all night. 

(11) 17-vii-'08; L. Nevis, Sd. of Sleat; over 70 faths. (2hauls). 

(12) 17-vii~'08; L. Hourn; 43, 45, 73, and 78 faths. 

(13) 17-vii-*00; L. Duich; 61 faths. 

(14) ]8-*vii-*08 ; Holm Isle, Sd. of Baasay ; 65 and 70 faths. 

(15) 18-vii-'08 ; L. Ainnert ; 20 and 23 faths. 

(16) 18-vii-*08 ; L. Sligachan ; 12 filths. 

(17) 18-vii-'10 ; Ardmore, N. of Mull ; 66, 74, and 86 faths. 

(18) 19-vii-*10 ; N.W. of North Pt. of Eigg; 86 faths. 

(19) 20-vii-*08 ; Longa Island ; 106 faths. 

(20) 20-vii-'08; S. of Croulin Isles ; 116 faths. 

(21) 21.vii-*07; Sd. of Iona; surf, 

(22) 21-vii-W; Bernera I, Lynn of Morven ; 110 faths. 

(28) 21-vii-*09 ; Between Kenera and Mull ; 80 filths. 

(24) 21-vii- *10 ; L. Sunart ; 67 faths. 


* 1 have alio taken about 200 gatherings in these four years (1907-10) from shallower 
water in the Irish Sea, and these have been reported on fuUy in Trans. Biol. Soc. 
livexpool, vols. zxii--zxiv, 1906-10. 
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(25) 22~vii- 07 ; Sd. of Icma ; surf. 

(26) 22-*yU-* 10; Firth of Lom; 108 and 116 faths. 

(27) 22- vU- 10 ; Bemera I., Lynn of Morven ; 110 fntbs. 

(28) 24-vH- 07 ; L. Screaort, Kuni ; »urf. 

II. Clyde Sea Akea. 

(1) 18-vii-*07 ; 8kate I., L. Fyne ; 104 faths. 

(2) 26-VLi-*07 ; Kilbreunau Sound ; 76-80 fatks; 

(3) 27~Tii- 07 ; East L. Tarbert, off Buddhe I. ; 76 faths. 

(4) 27-vii-’07 ; ofi‘ Cock of Arrau ; 76 faths. 

(6) 27-vii-^07 ; L. Rauza, Arran; night; surf. 

(6) 28-vii-’08 ; Skate I., L. Fyne ; 05-105 faths. (3 hauls), aud surf. 

(7) 28-*vii-’08; off Mt. Erins, L. Fyiie ; 83 faths. 

(8) 28, 29-vii-’0d ; Newtou, Upper L. Fyne ; 54-66 faths. (4 hauls). 

(9) 28-vii-'09 ; Skate I., L. Fyne ; 100-106 faths. (4 hauls). 

(10) 20 vii-’00; Upi»er L. Fyne ; 70 faths. 

(11) 3O-vii-*O0 ; Sd. of Bute ; 95 faths. 

(12) 30-vii-’08 ; L. Rauza, Arran ; surf. 

(13) 30-vii-*09 ; off Cock of Axrau ; 80 faih». 

(14) 31-vii-*08 ; S. of Holy 1., Latulash, Arrau ; 54 faths. (2 hauls). 

(15) l-viii-*00 ; off Portpatrick ; 103 aud 106 faths. 

(16) l-viii-lO ; off Sauuox, Arrau ; 70 faths. 

111. luisH Sea. 

(1) 7‘ iv-'09 ; 60 faths. (4 hauls). 

(2) 8-iv'-09 ; 60 faths. (5 hauls). 

(3) 6-viii-'09 ; 59-60 faths. (5 hauls). 

(4) 7-viii-*09; 60-70 faths. (4 hauls). 

(5) lO-viii-W ; 60-73 faths. (4 hauls). 

(6) 17-viii-’08 ; 60-70 faths. (6 hauls). 

(7) 24-viii-’07 j 60 faths. (10 hauls). 

(8) 25-viii-’10 ; 60 faths. (5 hauls). 

(9) 4-ix-’07 ; 60 faths. (12 hauls). 

(10) 12-ix-'07 ; 60 faths. (6 hauls). 

(11) 12-ix-*08; 60 and 70 faths. 

(12) 17-ix-'10 5 70 ffkths. (3 hauls).. 

As the same spot was sometimes visited in successive }'ears, many o£ the 
gatherings in the list above may be groui>ed under a few localities, as 
follows 

I. Nobth of Oban. 

1. Off Aidmore Ft. in Mull— gatherings : (3) in 1900, aud (17) in 1910 (3 hauls). 

2. Loch Houm— gatherings : (12) in 1908 (4 hauls), and (8) in 1909 (2 hauls). 

3. Looh Nevis— gatherings : (11) in 1808 (2 hauls), and (5) in 1909. 

4. Oanna, Rum, etc.— ^ai^exings : (4) in 1909, and (6) (2 haids) and (7) and (18) in 1910. 
6. Crottlin aud Longa— gatherings: (14) (2 hauls) snd <19) and (20) in 1908, and (9) 

in 1909. 

0. Firth ol Lorn, etc.— gatherings : (22) and (23) ht 1909, and (26) (2 (hauls) and (27) 
in 1910. ^ 
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II. Clyde Sea Area. 

7. Skate Island-gatherings: (1) in 1907, (0) (3 hauls) and (7) in 1908, and (9) in 1909 

(4 hauls) 

8. Upper Loch Fyne— gatherings : (8) in 1908 (4 hauls), and (10) in 1909. 

9. An*an, Sound of Bute, etc.— gatherings : (2), (3), and (4) in 1907, (11) and. (14) 

(2 hauls) in 1908, (13) in 1909, and (16) in 1910. 

111. Irish Sea. 

10. All the 68 hauls were in the one locality, 12-16 miles N.N.W, of Port Erin, Isle of 
Man, from depths of 69 to 73 faths. 

When we examine these groups of Scottish gatherings from the same 
places in different years, two conclusions become evident : — 

(1) That localities, in some cases not very far apart, difEer very 

considerably in the nature of their plankton at the same time 
of year ; 

(2) That there is a constancy year after year in the nature of the 

plankton at some localities. 

A few examples will make this clear : — 

(1) In the northern area, the hauls taken in Loch Hourn and Loch 
Nevis are on all occasions very different from those taken off 
Ardmore in Mull, and from those taken off the Island of Canna ; 
also those taken in the Lynn of Morven at one end of the Sound 
of Mull differ from those taken between Mull and Ardnamurchan 
at the opposite end. Again, in the southern series, the hauls from 
off Skate Island, in the entrance to Loch Fyne, differ markedly 
from those taken further south in the Sound of Bute and the 
Firth of Clyde off Arran. 

(2) The Loch Fyne vertical hauls are always characterised by the 

abundance of large (.^opepoda ; the hauls off Canna and elsewhere 
in the Sea of the Hebrides by the prevalence of Diatoms ; those 
in the Firth of Lorn by a fine zoo-plankton, and those round 
Raasay on the North of Skye by a much coarser zoo-plankton. 

Let us now examine some of these cases in more detail : — 

All the vertical hauls taken in the deep hole, 95-106 faths., off Skate 
Island at the mouth of Loch Fyne, consist of a coarse zoo-plankton (see 
fig. 3) characterised by a very great number of the common Copepod, Calamts 
kelffolandicui. The specimens of Calanuf are large, and many of them are 
of a red colour when alive ; and associated with them are generally a few 
Euchista mrtegica and one or two specimens of the Schizopod Nyctiphanes 
norveyious. T^re are also in these hauls a few smaller Copepoda (such as 
Pseudocalmus elonyatm and Oithom nmilU)^ some Copepod eggs and nauplii, 
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a few Sagitta, a few Ecbinoderra Plntei and Polyckset Larv®, Ceratium 
tripot, and some Diatoms, chiefly Rhizogolenia. semitpim. But the hulk of the 
gathering is, in all cases, Calantu helffolandicus, and that gives it a charac- 
teristic appearance which can be seen as soon as the net comes up. We have 
in all eight vertical hauls taken during July in the years 1907, -08, -09, 
and also a surface gatheiing taken at the same locality on July 28tb, 1908. 
This surface gathering is, however, of an entirely different character from 
the vertical hauls. It is greenish in colour, and of fine fiocculent appearance, 
and is in constitution a phyto-plankton (see fig. 4) almost entirely composed 
Diatoms, chiefly species of Rkizosolenia. There are also a few Peridinians, 
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and a very few small Copepoda, but the larger Copepods characteristic 
of .the vertical hanls are entirely absent. 

A vertical haul from 83 faths. taken off Mt. Erins, farther up Loch Fyne, 
on that same date in July, 1908, shows the same type of gathering as the 
vertical hauls off Skate Island. 

It is clear that the Calantu population extends in the deep water along the 
length of Loch Fyne, as hauls taken at various points in Upper Loch Fyne, 
both in 1908 uid 1909, from depths of 54-70 faths., show the sapie kind of 
gatheiin gas those off Skate Island. On the other hand, in working down 
the channel towards Bute, Arran, and Kilbrennan Sound, we find that the 
gatherings are of a more varied nature. One off Samlox, Arran, on 
Angnst 1st, 1910, from 70£ath'8<, is a mixture of. phyto- and zooplankton, 
and dees not cemtain the large Calanoid Copepoda in any quantity. A haul 
taken off the Cook of Arran at the same seastm in the previous year, from a 
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depth of 80 fatbs., had a fair number of large Copepoda, mixed, however, 
with Diatoms (RldzosoUnia semispina, Chetoceros boreale, &c.), Peridinians, 
and some smaller Copepoda. Another haul in the same spot in 1907 is of 
the same nature, with a still larger proportion of the smaller Copepoda 
(mainly Psevdocalanus elongatus and Oithona similis) and their Nauplii. 
One in the Sound of Bute from a depth of 95 faths., on July 30th, 1908, 
had along with tlie Calanoids, and some smaller Copepoda, a very large 
number of Diatoms (chiefly species of Rhizosolenid), so ns to be almost a 
pbyto-plankton in appearance. Two hauls taken south of Holy Island, 
Arrau, from 54 faths., in 1908, show also a mixed plankton, consisting of 
Diatoms and Peridinians along with the Copepoda. A haul from 80 faths. 



Fig. 4.— Samples of Phyto-plankton from the Irish Sea, 
about the time of the rernal maximum. 


in Kilbrcnnan Sound on the west of Arran, on J uly 26th, 1907, consists of a 
coarse zoo-plankton, in which, how'ever, there are many small Copepoda 
{Psevdocalanus and Oithona) and other animals {Oikopleura and larval 
forms) and a few Peridinians and Diatoms {Rhkosolenia semispina), mixed 
with the large Calanoid Coiiepods. 

There are four vertical hauls taken in 1908 and 1910 off Ardmore, Mull, 
in the centre of the channel between Mull and Ardnamurchan. These and 
a vertical haul taken in the neighbouring Loch Sunart, in 1910, are all alike 
in general character, consisting of a fine greenish pbyto>plankton mixed with 
some small Copepoda and a few Oikopleura, The Diatoms are, in all cases, 
mostly species of Chatoeeros (C. eontortum and C. dedpiens) and of 
Thalassiasira (7. gravida and T, A'ordenskioldii). 
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Again, the six hauls taken in Loch Honrn, off the Sound of Sleat, a little 
further up the coast, and the three taken in the closely adjacent Loch Nevis 
are all very much alike in character, but differ from those of Mull ; 
consisting, as they do, of small catches of zoo-plankton composed mainly of 
small (Jopepoda, some young If^yetiphanet, Sagitta, Polycbset larvw, a few 
Pertdinians, and many Tintinnid®. 

The gatherings taken inside these neighbouring lochs in the mainland 
contrast markedly with hauls taken at the same time of year in the open 
sea further west, s. g,, off the Islands of Canna and Rum. 

A vertical haul from 85 faths. on July 19th, 1910, between Bigg and 
Rum, and another on July 14th, from 128 faths., between Canna and Rum, 
show well-marked green-coloured phyto-plankton ; and other hauls off 
Canna on July 13th and 14th in the same year, from depths of 80, 105, and 




Fig. 6. — A. typical Phyto^plankton 
gathering: from a photo*micrograph 
by Mr. Edwin Thompson. 


Fig. 6. — A. typical coarse Zoo-plankton 
{Calam9)\ from a photo-micrograph 
by Mr. Edwin Thompson. 


130 faths., are also characteristic pbyto-planktou gatherings composed chiefly 
of common species of Chcetocei'os. 

The contrast between such a green Diatom haul taken in the sea of the 
Hebrides off Canna, in July^ and a similarly captured haul at the entrance to 
^ Loch Fyne at the same time of. year is most marked^ the first being a typical 
fine phyto-plankton (such as flg. 5) and the latter a typical coarse aoo- 
plankion (fig. 6). As I shall show below, two such gatherings if obtained 
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in the Irish Sea woojd be regarded as characteristic of two distinct seasons ^ 
of the year, months apart. 

The difference between the Diatom hauls in the open sea and the fine zoo- 
planhton hauls in the deep fiords running into the mainland, such as Loch 
Nevis and Loch Hourn, is not so marked, but is still quite noticeable. 

Hauls taken further north, on the other side of Skye, in the Sound of 
Raasay, off Longa Island and off the Groulins, from depths of IOC, 1 1C, and 
133 faths., are all zoo-planktons, although not very large or characteristic 
in appearance. Some are coarser and some finer, some have more Oalanoid 
Copepoda and Sagitta and Medusae than others, but there does not seem to 
bo the constancy of character obtained in some other West Highland 
localities. Further south, again, in the Firth of Lome and the Lynn of 
Morven, off Bernera Island, and between Kerrera and Mull, from depths of 
80 to lie faths., the gatherings, of which we have half a dozen for 
comparison, are composed of a very fine material, chiefly zoo-planktonic, 
consisting of small Copepoda, many Nauplii and Tintinnidse, some Sagitta 
and Oikojyleura, with a few Ceratium^ Pendinium^ and Diatoms ; and the 
latter when present are mainly Coscinodiseus concinmis rather than the species 
of CliCBtoceros and i lialassiosira which are so abundant to the north of Mull. 

If the hauls from these various localities are marked P or Z, according as 
they are mainly Phjrto-plankton or mainly Zoo-plankton, the list comes out 
as follows ; — 


i 

1 Date. 

1 

Dbi*tii is 

No. or. 

Zoo- 

or 

Remarks. j 

1 


Faths. 

Ha V 1.8. 

Piiyto-Plahkton. 

July 13, '09 . . 
„ 18, '10 

i 94 

Off Ai'dmoi'e, Mull. 

1 1 ! P. 

) With some small Copepoda, 

66, 74, & 85 

0 

P. 

f Nauplii, &c. 

July 16, W .. 

76&90 

Loch Hourn. 

2 i Z, 


„ 17, W . . 

78 & 78 

4 

z. 

i 

July 14, '00 ..I 

1 76 I 

Jjoch Heri*. 

1 1 Z. 1 

i 

1 

„ 17, ’08 ..| 

70 j 

2 

Z. 1 

; 

July 16, ’09j . . 

183 

Off CrevU 
1 

n and Longa. 

Z. 

1 

1 

1 

„ 18, ’08 .. 

e6&70 

2 

z. 


„ .20, *08 .. 

106 & 116 

2 

Z. 


July 21, 'DO .. 

^ 80&110 
lOB, 110,8^116 

Firth of Lorn. 

2 < Z. 1 

) A few Diatoms and 

« 22, '10 .. 

3 ; 

Z. 

1 Peridiniaus present. 
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Datb. 


July 18, *09 .. 
14/10 .. 
„ 19/10.. 

I July 18/07 ..I 
„ 28,08 . ' 
„ 28/09 . 

uly28&29/t 
„ 29/09... 


July 26/07 . 
„ 27/07 . 
„ 80/08 . 
,, 80, '09 . 
„ 31/08 . 
Aug. 1, 10 . 


Apr, 

tf 

Aug. 

» 


Sept, 

f9 

ff 


7, *09.. 

8, *09 . , 

.. 

7, *09 . . 
10, *09 . . 
17, ’08 . , 
24, *07 . . 
4/07 . . 
12, *07 . , 
12, *08 . . 


Depth 

No. OF 

Zoo- 

op 

iir Fatiib. 

HAUtS. 

Phtto-Plamkton. 






Of Cannay Rumy 

180 

1 

P. 

80,106,128 

a 

P. 

86 

1 

P. 


Skate Island, 

104 

1 

Z 

88 & 95 to 106 

4 

Z 

100 to 100 

4 

Z. 


Upper Lorh Fyne, 

64 to 66 

4 

Z. 

70 

1 

Z. 


Arrany Sound of Bntey 

76-^ 

1 

Z. 

j 76 

1 

z. 

• 95 

1 

Z. (mixed) 

i 80 

1 

Z. 

64 

2 

Z. (mixed) 

70 1 

1 



Jruh Sea,- 

-Mid-Channcl. 

60 

4 

P. 

00 I 

6 

P. 

69to60 

6 

Z. * 

60 to 70 

4 

Z. 1 

60 to 78 

4 

Z. (mixed) 

60 to 70 1 

6 

Z. (mixed) 

60 

10 

Z. (mixed) 

Z. 

60 

12 

60 

6 

Z. (mixed) 

60&70 

2 

Z. (mixed) 

i 


Bbuabkb. 


With some small Oopepoda 
and a few other small 
animals. 


Diatoms also present. 

A few Diatoms. 

A few Diatoms and Peridinians.| 
Copepoda, &c., present also. 


ilTypici 
' J ton. 


lical spring phyto-Plank- 


• A few Diatoms present. 


) Diatoms getting more nu* 
i meruus. 


Thus we have evidence that, off the north-west coast of Scotland at one 
time of year (July), in several successive years the plankton^ as, sampled 
by vertical hauls, was of different types (zoo- and phyto-plankton) in 
different localities, but preserved a constant character in each. 

Now, in the Irish Sea, around the Isle of Man, when the plankton of the 
whole year is considered, it is clear that neighbouring localities do not present 
widely different characters as they do ijin the Hebrides, and that a zoo«plankton 
and a phyto-plankton do not occur simultaneously a few miles apart. In 
spring or early summer, in the Irish Sea, as elsewhere, there is an enormous 
phyto-plankton maximum (se»^ Table, p, 35, column D), which gradually 
dies away, and is replaced by the zoo-plankton which is characteristic of the 
summer months (Table, col. E). In September or October, again^ Diatoms 
make their appearance in profusion, constitutitig a second, autumnal, phyto- 
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plankton maximum (Table, col. F). The accompanying diagram (fig. 7) 
shows, e. g.j the curve for the whole plankton in the year 1908, as given by 
a very largo series of gatherings *, extending over every month, taken across 
Port Erin Bay. The high, points in April and May, and then again, but to 
a less extent, in September and October, show the influence of the vernal 
and autumnal phyto-plankton maxima, and the effect would, of course, he 
still more marked in the curve showing the Diatoms alone. Taking the 
average of the last throe years in Port Erin Bay, we find that the monthly 
averages for the total plankton begin low in January and February, rise in 
March and still more in April, reach the maximum in May, drop rapidly 

Fio. 7. 



through June, July, and August to the summer minimum, rise a little in 
September and October to form the autumnal maximum, and fall again in 
November and December to the mid-winter minimum. The autumnal 
maximum is always very much less than the vernal, and is sometimes scarcely 
apparent. Both are caused by a very marked increase in the phyto-plankton, 
chiefly Diatoms (see lists in Table, p. 35) ; and the species which are the 
most abundant and characteristic at the two seasons are, for the most part, 
distinct t- In summer, when the phyto-plankton is practically absent, the 
zoo-plankton reaches its maximum ; but, in bulk, even at the maximum, the 
zoo-plankton, except on rare occasions, is small compared with the spring 
gatherings of phyto-plankton (see columns D and E). A phyto-plankton 
gathering in the Irish Sea is practically only obtainable in spring or in late 
autumn ; and if the gathering be a very large one (like D in the Table), it is 

* See Tnna Biol. Soc. Liverpool, vol. xxiii. p. iS44 (1909). 
t See op. eit. vol. xxii. p. 202 (1908). 
laNK, ioms. — ZOOliOOT, vol. xxxii. 
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certain to liave been taken at the former period, say, between the middle of 
March and the middle of May. 

But in the Hebrides, as we have seen, very large phyto-plankton hauls may 
be taken year after year in July — when in the Irish Sea the hauls are, for 
the most part, comparatively small, and are all composed of zoo-plankton. 
Mr. Andrew Scott, A.L.S., i^ho has been associated with mo for some years 
in studying the plankton of the Irish Sea, remarked, when I showed him 
some of the phyto-plankton samples from (Janna, Rum, and Ardmore : ‘‘ If I 
had not seen the locality and date on the bottles, I should have placed them, 
without doubt, as Irish Sea gatherings taken in April/^ And the resem- 
blance, I may add, is not merely in general appearance, bat extends to the 
inicroscoi)io composition. The gathering*^ from Ardmore, for example, 
contain abundance of Cluefoceroit contortum and C\ decipiem^ Ithizosolenia 
semispinu^ Lauder t a borealis^ Thalamosira gravnla^ and T. Nordmskioldii — ^all 
of them Diatoms that are characteristic of an April gathering in the Irish 
Sea, off* Port Erin. The abundance ot the two species of Thalassiosira 
makes this and other July gatherings from round (\inna and Mull quite 
unlike a September Diatom haul in the Irish Sea, as the genus Thahmiosira, 
abundant in the Noith, is piaotically absenl at the time of the autumnal 
maximum in the South. 

In order to demonstrate still further the characters of tliese diverse 
planktons, and illustrate the comparison between the Scottish summer 
series and Irish Sea gatherings typical of diflerert seasons, I give on p. 35 
in tabular form the quantitative details ^ of : — 

(A) A typical coarse zoo-})Iankton from off Skate Island at the 

entrance to Loch Fyne, July 18th. 

(B) A zoo-plankton of somewhat different type (with fewer Calanna^ 

but many more of tho smaller Copepoda), from Kilbrennan 

Sound, July 26th. 

(C) A mixed gathering, mainly phyto-plankton, from oft Loch Banza, 

Arran, July 27th, 

These three somewliat diverse samples wore obtained, it will be noticed, 
within a period of ten days, in July, from localities not ten miles apart. 

I add also, for comparison, the similar quantitative record of three charac- 
teristic gatherings made in the centre of the Irish Sea, off the west coast of 
the Isle of Man, near Port Erin as follows : — 

(D) A typical phyto-plankton, taken in April—a large haul (100 o.c.). 

(E) A typical scanty zoo-plankton, from August (2-5 c.c.). 

(F) A mixed gathering, mainly pbyto-plankkm, in September, when the 

autumnal Diajtoms are present in quantities (11 c.c.}. 

* The eaumeratioa of the species in these quantitaiiTe lists was made by Mr. Andrew 
Scott, A.L.S., for our joint report on the Iiiiih Sea plankton. 1 am indebted to my friend 
Mr, Sdwisi liempeon for the photo^^mierograi^s ffom which flga. 6 and 0 were prepared. 
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WuST OP Scotland. 


Irisu Sea. 


Locality ; L. Fyne. Kilbrennan. L. Ransa. P. Erin. P, Erin. P. Erin. 

Date July 18. July 26. July 27. April 5. Aug. 21. Sept 12. 

Depth in fathoms 104 76-80 0 20-10 20-0 0 

Oatch in c.cm 30 28 11 100 2*6 11 

ABC DBF 
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It . be netioed, in comparing the Loch Banza plankton with the Irish 
Sea hauls in April and September, that in species present and their abun- 
dance, the Soottisb Jnlj gathering is much more like the September than 
the April phyto-plankton— for example, in both Jnlj and September the most 
abundant ftnrm is Rhizosolenia semitpina, a species absent in April. But, as 
has been pointed out above, the phjto-plankion gatherings north of Mull 
show resemblances to the vernal rather than to the autumnal phyto-plankton 
of the Irish Sea. 

It is probably premature to hazard any suggestion as to the explanation of 
this curious difference between the summer planktons in the Hebridean and 
the Irish Sea respectively. It may be that the great vernal maximum which 
dies sway in May and June in the. Irish Sea passes off more slowly further, 
north, and is still found lingering on in some parts of the Hebrides until the 
end of July, or possibly even longer. Or it may be that, in some of these 
deep northern channels, the Diatoms that elsewhere constitute our vernal 
lutt yjmnni remain on in comparative abundance throughout the greater part 
of the year. Still a third possible explanation is that the Diatoms con- 
stituting these July phyto-plankton gatherings may have invaded the 
Hebridean seas from the North Atlantic at some period subsequent to the 
vernal maximum. It is obvious that such a question can only be determined 
by frequent periodic observations carried on throughout the year by means 
of vertical hauls at fixed localities. Such series of observations have still to 
be made in the Scottish seas. Mr. Qeorge Murray, in 1896, took some series 
of horizontal tow-net gatherings at various localities round the coast of 
Scotland for the Scottish Fishery Board, and he published a brief report * 
the following year on his results. His observations were made in March, 
July, August, and December, and were widespread, including several of the 
localities I have sampled ; but they seem to deal midnly, if not wholly, with 
the Bur&ce of the sea, and in any case do not include vertical hauls in deep 
water. But it is interesting to note that bis results, so far as they go, are 
not inconsistmt witii the observations I have given above. Murray states 
that alter the vernal maxinram the Diatoms diipinisb, but do not disappear, 
and are to be found throughout the summer in local banks. SkeUtmema 
costatum he notM as the most abundant and oharaqieristic form on the 
sur&oe genera]l;i^ in April, and in Loch Etive in' August: this i^ecies 
occurred oiUy oocaoicma^ in our .^uly kinls. 

The taMe he gives ihevrii that ti^re were fewer series of Diatoms in Loch 
Nevis and Loch Hourp than in tlm sea between Bum and Ardnamurchan — 
tiiere being 88 in tiae latter column and only 7 in that for Loth Nevis. 
8k> far tbis cempariscn agi^. with the abundant p^rti^piahkton gatherings 
we obtained off Bnm mid'Onina, See., and the eett^fiMntiTely nnall catches 

* 8. F, B. Ssport for 1806^ f. SIS. 
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Fto. 8.--We0t CoMt of Scottootl, diowiog of oTer 60 (sliadod) and over 100 (black 

oatline) fathom Twenty-five etetum at wrliich deep haul* were taken are 
marked by a uuJI hUek eiide endorii^ a oroae. 
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of zoo-pIanktoD in the lochs on the mainland ; but our hauls being vertical 
from the bottom at great depths probably sampled a much larger body of 
phyto-plankton, and included some species that did not appear at the surface. 

Tt may be added that Prof. P. T. Cleve gave a short account, in the 
Scottish Fishery Board^s Report for 1896, p. 297, of the phyto-plankton of 
the ‘ Research ’ collections made in the Shetlands, and showed that the 
stations on the western side were rich in Diatoms, while the hauls taken 
from the east of the islands were much poorer — this, again, showing a difference 
between not very distant localities at the same time of year. 

The Scottish Fishery Board do not seem to have published any further 
investigations in regard to plankton in their western seas ; nor does the 
Irish Fishery Dejiartment give any information in regard to the minuter 
plankton of the seas between Scotland and Ireland : apparently only coarse- 
meshed nets have been used by the Irish investigators, and no Diatoms 
are given in the published tables (Oonseil Per. Intornat., Bull. Trimestriel, 
1907-8, Oopenhague, 1909), which deal with zoo-plankton alone. Finally, 
the map giving the stations in European seas at which plankton observations 
have been taken in recent years (/oc. Resume Planktonique, Introduction, 
p. xii, 1910) shows a great gap extending from near (^ape Wrath, in the 
north of Scotland, to Belfast Lough in Ireland. The whole of the seas around 
the Western Islands of Scotland, like the western coasts of England 
and Wides, have apparently been omitted from the Official Internationa 
investigation. 

This is, from the scientific point of view, most unfortunate, as, for a 
complete understanding of the plankton changes throughout the year, in the 
Irish Sea at least, it would be useful, and may be essential, to have 
information as to the planktonic conditions month by month on the north 
coast of Ireland and on the west coast of Scotland, 

The unofficial observations recorded in this paper have shown that, 
while the abundant vernal phyto-plankton dies away in the Irish Sea in 
early Summer, a similar micro-flora is present in quantity in some parts 
of the sea on the we^t of Scotland (^, the Sound of Mull, and the sea 
round Canna, Eigg, &c.) until July, and possibly latter. It can scarcely be 
doubted that the phyto-plankton maximum is found in spring in the Hebrides 
as in the Irish Sea. But have the July Diatoms remained since April, or 
did th(%y die off (as they do further soutli) and then re-appear ? If the 
latter, have they come from the Atlantic or from northern seas ? Do they 
continue to be abundant throughout the remainder of summer and autumn ? 
Are any of them left in the deeper channels in winter? These and many 
other problems press for solution, and will probably only be solved by 
continuous plankton work throughout the year at a series of stations along 
our western coasts. 
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On some Hexactini-® from New South Wales. By Lkohoiia »1. Wilsmore, 
M.Sc., Zoological Laboratory, University College, London. (Commu- 
nicated by Prof. J. P. Hill, D.Sc., P.L.^j 

(Plates 4-6 and one Text-figure.) 

[Read 16th February, 1011.] 

In this paper I continue a description of the Actiniaria brought from 
Australia by Professor J. P. Hill, to whom I am indebted both for material 
and for kindly advice and assistance. The classification employed is that 
adopted by Haddon in “The Actiniaria of Torres Straits,” (17) 1897. 
Tn the present communication the following species arc classed as new : — 

Hexactint^, Hortwig. 

Family Ilyanthid®, (iosse. 

Subfani. Halcampinaj, Kvvicin. 

Peachia hilliy sp. n. 

Family Sahgartiidas. 

Subfam. Phellina}, Vorr. 

Phellia broumiy sp. n. 

J^heUia capitatay sp. n. 


PeACHTA HlLLl. (PI. 4 . figs. 1-8.) 

Form (PI. 4 . figs. 1 & 2). — The two specimens I received differ very much 
in size and outward a])pea ranee. Th<? internal anatomy, however, shows 
that they undoubtedly belong to the same species, (he smaller form being 
larval. The body consists of three parts — csipitulum, scai>iis, and physa. 
There is no distinct division between the capitulum and scapiis ; bui the 
physa is clearly defined, and in the adult appears as a small bud at the 
posterior end of the scapus (PI, 4 . fig. 1, p,). It measures I'O mni. in 
length, and shows none of the external grooves present in the physa of 
Peaehia liaHata (7), but their absence may be due to contraction. The 
peculiar form in which the posterior end of the scapus has contracted in 
the adult has no reference to its internal anatomy (PI. 4 . fig. 1, /?.). The 
physa in the larval form is introverted, so that there apjiears to be a large 
pore at the posterior end. This is evidently the ‘‘anus large and con- 
spicuous” of Peaehia carneay descrilied by Professor Hutton ( 6 ). The 
entire surface is covered with minute projections, which are also cha- 
racteristic of Peaehia hastata. Professor Haddon (7) describevs them as 
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Slickers which “ enable the anemone to hold itself upright against any smooth 
surface/^ Faurot appears to refer to the same projections as “ pli de con- 
traction^^ (15), A series o£ white, irregular, longitudinal lines are visible 
through the external walls of tlie scapus and capital urn. They agree in 
number with tlie mesenteries, aud probaldy correspond to the insertion of 
the mesenteries in tlie column. Other lines, shorter, more irregular, and 
iransverse, fill in the s[)acos between the longitudinal ones. In both polyps 
the oesophagus is partly extruded, so that description of mouth or disc is 
impossible. In the adult (PL 4 . fig. 1, folds of the msopliagus envelop 
the oral end of the siphonoglyphe, and tlic tentacles — twolvi?, marginal, 
monocyclic, short and obtuse — are also largely concealed. The only one 
fully visible measures 2*5 mm. Tii the larval form (PI. 4 . fig. 2) the 
capitulum is retracted, and the single row of tentacles (PI. 4 . fig. 2, tent.)^ 
which vary in length from 1-1*5 mm., is fully visible with a crown of lobes 
above them. Tlieso lolms are the extruded lesophagus (PL 4 . fig. 2, wsJ), 
which, being held back at regular intervals by the mesenteries attached to 
the tt^sophageal w^alls, appears to be lobed. 

It is cliaracteristic of the genus Peachia that the tube of the siphonoglyphe 
ends orally in a eonchula or external opening, independent of ihe month, the 
shape of this concLula varying in the different species (13). The sijdiono- 
glyphe is present as an open tube in both these examides of J*eachia ; hence 
the separate eonchula. is not j)resent. In the adult ihe oral end of the 
siphonoglypljo is xinfortunately not distinguishable from the loosci folds of 
the extrudrJ oesophagus which envelop it. The larxal siphonoglyphe, visible 
to the naked eye, forms a deep, open, thick walled gutter between two lobes 
of the oesophagus, and ends in simple thick rounded lobes which would form 
two complete lii)s were the gutlcr to close as a tube. Possibly in both 
specimens the degree of contraction has caused the tube to oi)en. 

Colour, — Sandy iti spirit-specimens. Professor Hill States that it was 
cream-coloured when alive. 

Dimensions , — Adult : Length 52 mm. ; diameter varies considerably, 
greatest diameter fi mm. Physa : Length 1*5 mm,; diameter 1*5 ram. 
Larval form ; Length 20 inrn. ; diameter 5-2 mm. Physa introverted. 

Locality, — Caught in a fishing-nct off (Jlareville Wharf, Broken Bay, 
New South Wales, by Professor J, P. Hill, in 1893. Depth of water 
al)oat four fathoms. Two specimens. 

I have the pleasure of naming this, the first known Australian species of 
Deachia, in honour of the discoverer. Professor Hill. 

Column-^walL — Sections of the column-wall have, a' characteristic apj^ear- 
ance, owing to the numerous small projections or suckers (PL 4 . figs. 3, 4, 5) 
on the surface. These are formed by long proco^es from the outer border 
only of the mesogloea, covered by thin ectodehn, which, however, appears 
massive betVi^een the suckers^^diere the opposing faces of the ectoderm often 
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touch. The suckora are fewer and smaller in the contracted physa, which is 
covered by deeper ectoderm and presents a smoother exiernal surface. The 
border of the ectoderm is thickly set wdth long oval nomatocysts, lying at right 
angles to the surface (PI. 4. fig. 5, item.). These are most numerous in the 
capituluin and upper scapus, wlicre they form a continuous border touching 
one another. Tlie large glandular cells recognized by Paurot in Feachia 
hastata (16) are not distinguishable, j)robably owing to the stfite of pre- 
servation. The ectoderm cells are very long and contain rounded nuclei, 
internal to which lies the clear, slightly granulated, nervous layer. I have 
not been able to detect ectodermal muscle in iny j)repa rations. The mesogloea 
contains many isolated colls, and is laminated throughout the polyp, this 
lamination being most marked in the column-wall, where the laminaj are so 
thill as to give the whole structure a fibrous ap[)carance. 

The endodermal muscle system is strong and strengthened locally in both 
capituluin and lower scajiiis. The plait ings of the inesogla'a, on which the 
iniiscle-cclls are placed, lino the capitiiluni and scapiis throughout, and are 
present in the greater part of the physa also. Those mcsogloeal plaitings all 
contain a darker-staining centre core, surrounded by lighter-coloured sup- 
porting substance. In the capituluin and thioiigh tlie greater length of the 
scapus they are simple and, in longitudinal s<‘ctions, have the appearance of 
a band of iiarrow^ wavy ribbon running down the column betw een the mesogloea 
and endoderin. In the lower scapus they hecom(‘ branched and finally assume 
a dendriforni a])pcaraiicc, reaching their maximum strength in the scapus 
adjacent to the ])hysa, where lliey form long longues stretching into the 
coelenteron. On each ride of these tongne« arc branches, which oflon divide 
again, thus largely increasing tin* surface (PL 4. fig. 5). Bot\\een these 
dendriform structures shorter j>rojectioiis are present. This is the strongest 
part of the body-wall, and it is these muscles, probably, which enable the 
animal to bore into the saml with its physa and to bury itself up to 
the capituluin. Iloldsworth (3) and Faurot (16) have carefully described 
this process in the case of J^eavhia haMata^ and estimated the time taken in 
boring at about an hour ; but the endodermal muscles ))resciit in the scapus 
of any species of Peadtia Jiave not hitherto been described. 

The endoderin of the oolmnn consists of long narrow^ (*ells, which are very 
easily sejiarated from one another. The endoderin is narrow^ in the upper 
part of the polyp, but becomes extremely thick in parts of the physa, as 
does the ectoderm also. It is, however, probable that the physa is much 
contracted. 

71i€ Spliilteter . — The sphincter is represented in Feavhia hilli by an increase 
in strength of the endoderi^al muscle plaitings present in the capitular 
Tegion. The plaitings remain simple and are still very small, but are never- 
theless about twice tbe length of those present in the upper scapus. 

Disc and Tentacles . — The tentacles are sliorfr and obtuse, with thin w^alls 
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enclosing a very large lumen* A single row of nematocysts of varying sizes 
is placed on the outer border of the ectoderm, more sparsely than in the column- 
wall. They are of two kinds, one onl}' of which takes the lisematoxylin 
stain. The nucleated zone is very deep, and the clear nervous zone is 
{lenetrated by numerous plaitings of the mesoglma, which carry a strong 
ectodermal muscle. The mesogloea and endoderm are thin. The histology 
of the disc resembles that of the tentacles, but a slight endodermal muscle is 
also present. 

(Esophagus (PI. 4 . figs. 3 & 4). — ^The most striking feature of the oesophagus 
is the single enormous siphonoglyphe (PL 4 . figs. 3 & 4, and text-figure A). 
This large firm structure extends from the mouth to a point in the body- 
cavity some distance below the rest of the oesophagus. Its total length 
in the adult specimen is 1*6 inm., and it terminates 3*7 mm. from the 
posterior end of the body. 

The ventral directives (PL 4 . figs. 3 & 7, 3 3, and text-figure A, 3 3), by 
which alone it is supported throughout, remain attached to it below the 
oesophagus, whore it hangs freely in the body-cavity. In fig. 3 a dotted lino 
shows the internal boundary of the siphonoglyphe. In the adult specimen 
it remains an open tube throughout and its walls enclose a space almost equal 
in area to the rest of the oesophagus. In the larval form the two endoderm 
walls are approximated at the entrance to the oesophagus during part of their 
length, and the siphonoglyphe encloses a relatively smaller area than in the 
adult. 

The ectoderm is deeply folded and of equal thickness in both cesophagus 
aud siphonoglyphe, but becomes thicker in the lower part of the siphono- 
glypho. It contains many long gland-cells, especially numerous in the 
siphonoglyphe, and a row of fine small nematocysts lies in its outer border, 
while the nucleated layer is very deep. The mesoglma is finely laminated in 
the adult ; but in the larval form the laminsc are very loose, and show also 
many light circular patches. The mesogloea of the oesophagus proper is very 
thin ; that of the siphonoglyphe extremely thick and stiff, but this thickness 
decreases somewhat in the lower part. The endoderm, which is thicker in 
the siphonoglyphe than elsewhere, is not suflSciently well-preserved for 
description. 

Mesenteries (PL 4 . figs. 3, 7, 3, and text-figure A). — There are in the adult 
form twelve perfect and eight imperfect mesenteries. The latter consist of 
four very small pairs situated in the lateral and sulcar exocoelos (PL 4 . 
figs. 3, 7, and text-figure A). Although no gonads are present the ccelen- 
teroii on dissection was found almost completely filled with a solid mass 
formed of the perfect mesenteries. This is markedly the ease in the upper 
Sub-O0sophagoal region, where the digestive endoderm is verj thick and 
divides into several branches each provided with a mesenterial filament. 
Four pairs of the mesenteries, viz. 1 1, 2 2, 3 3, and 4 4, are attached to 



llEXACTlNIilS FROM NEW SOtJTH WAl.KS. 


the oesophagus tliroughout their length (PI. 4 . fig. 3, and text-figure A). 
The pairs 5 5 and 6 6, probably the last two pairs oE mesenteries to be 
formed (15), are not attached to the lower half of the oesophagus in the adult 
form. Owing to the capitular region having been cut longitudinally, I have 
not been able to determine whether or not tliey are attached to the upper 
region of the oesophagus. Jn the larval form the twelve perfect mesenteries 
only are present. Those are fully formed, bearing muscle-pads, digestive 
cndodorm, and mesenterial filaments, and the pairs 5 «5 and 6 6 are free 
throughout their entire course. 



The longitudinal retractor muscles are unilateral and exceedingly powerEul. 
Distincily narrower peripherally they widen towards their internal margin 
and end a short distance from the oesophagus in a large half renal curve 
(PI. 4 . figs. 3, 8). The long narrow^ mesoglmal processes on which the muscle- 
cells are placed frequently branch, and the processes show a central dark- 
staining core. A number of short thick muscular outgrowths occur on the 
mesentery between the longitudinal retractor and the oesophagus (PI. 4 . 
fig. 8, mu.). 

The parietal muscle, bilateral and well-developed, is situated on short 
blunt processes of the mesogloea (PI. 4 . fig. 8, p.m.). These on one side 
extend to a greater width and join the fibres of the longitudinal retractor, on 
the other in the perfect mesenteries they often form, especially in the 
oesophageal region, little tufts or brush-like outgrowths. The mesenteries 
diminish in width towards the posterior end of the column and with them 
the retractor muscles diminish also. At the posterior end of the scapus they 
form two groups (PI. 4 . fig. 7). One consists of the pairs 1 1, 2 2, and 3 3, 
which still retain some digestive endoderm. Of these, 3 3, formerly carriers 
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of <he siphonoglyplie, remain the largest. The pairs 4 4, 5 5, and 6 6 
have lost their digestive end oderin entirely and are of about c(|iial size. 

The incomplete mestmtories (PI. 4 . fig. 3, imper.mes,') have longitudinal 
retractor muscles on plaitings the same width throughout; their parietal 
muscle does not form tufts, and they are not provided with digestive endo- 
derm or mesenterial filaments. At the posterior end of the scapus they are 
already very ininut© (PI. 4 . fig. 7, hnper.mes.). 

In the larval form there are present twelve tentacles and twelve fully- 
<lovelo{>ed j>erfcct mesenteries, two pairs of which, viz., 5 5 and 6 6, are 
unattached to the (esophagus. All twelve have muscle-pads, digestive 
endoderm, and mesenterial filaments. No mesenteries of the second cycle 
ar(i j)reseiit. 

Phym, — In this region there are a number of pores through the body- 
wall. There is no ext(M*niil evidence of their presence, and some of the 
sections being l)roken, T am unable to give their total niiml)er, but have 
counted over sixty. The physa was cut longitudinally, and I cannot deter- 
mine whether, as in some species of I [alcamjni, there is a C(*ntral pore, round 
which the others are arranged. These pores are placed in longitudinal rows, 
and are much more niinn^rous in the lower half of the ])hysa than in the 
upp(^r. Two or tlircje occur on adjacent parts of tlu^ s(*apus. IM. 4 . fig. fi 
(1, 2, 3,4,5) shows a longitudinal s(»ctioii of tin' j>hysa-wal) with five of tlieso 
jjores cut through in dittenuit jMirts of their course. Tin* meso^la*a between 
the small suckers of the physa is extremely thin and (!OV(U‘ed with a thin 
layer of ectoderm, and at th(*se points the pores are formed, Tln^y’-open into 
the ectodermal cavities Ijotween the suckers (PI. 4 . fig. C, and in this 
way a frec^ passag(^ is formed to the exterior. The ]»assage formed l)y the 
pore itself through the (*c.iodermal layer is, theretWe, extremely short. 

Oil the ectodermal side tln^ pores arc* thickly lined with columnar cells, 
whose numerous rounded nuclei lie internal to a clear border, containing 
only an occasional nematocyst (PI. 4 . fig. fi). On the endodormal side the 
cells are sliortx^r and the nuclei larger. A large increase of endodormal cells 
is present adjacent to the pores, and through these the passage has been 
formed to the interior of the body-cavity. The endodermal passage is 
therefore much longer than the ectodermal. 

Gonads, — No gonads were ]>resent in the two specimens examined. 

Development, — The larval form examined had twelve tentacles and tw^elve 
perfect mesenteri<*s. Of these the eight primitive Edwardsian septa were 
alone complete. The four unattached mesenteries are fully developed and 
possess inusele-pads and mesenterial filaments. This shows a variation in 
the development of mesenteries and tentacles as compared with the larval 
stage of a species of a closely allied species, viz. Halcampa duodecimeirrata^ 
described by Carlgren ( 14 , ]>. 42). Carlgren found that larval forms possess- 
ing twelve tentacles bud all twelve mesenteries attached in the upper part of 
the oesophagus, and were at that stage already in possession of some mesen- 
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torios, the second cycle. Even younger forms, having only ten tentacles 
showed the second cycle of mesenteries developing. 

Haddon (9) also in describing larval forms of JlaJvampa crpscadhellam^ 
which, lik(i those of this larval form, had twelve mesenteries, found that at a 
stage wdiere the mesenteries 5 5, G G, were unattached in the lower 
oesophagus there were ])res<*nt only eight tentacles. This is the more? interest- 
ing since Faiirot (15) believes Haddoii to he mistaken in the classification 
and considers the larva described to be that of Peacliia husiata. The fact 
that the sijdionoglyphe figured by Haddon continues below the oesophagus 
certainly points in that direction. 

Our knowledge of the genus Peacliia is very scanty. The description even 
of the tv])e species Poachia hasiaia is incomj)lete and contradictory. It is 
first mentioned by Iteid in 1848 (1) under the name of Actinia cf/limlrica^ a 
name pr<*oc.cupied. Gosse renamed it Pcachiu hastata in 1855 (2). Srintosh 
(10) has described the commensal habits of the larval J*eacltia, From that 
time its occurrenc^e and external appearance have f)een noted by various 
zoologists. Haddon and Dixon (7) summarize the literature to the date of 
th(*ir ))aper and give an excellent account of th(» habits and external struc- 
tures of this anemone. Had<lon deduced the existence of pores in Peachia 
from the grooves pr<‘gent externally on the physa of Peachia hastata (7), \>hich 
he considered comj>arable with the external openings of por(\s in llalvampa. 
‘‘ Mr. Dixon and myself an^ now satisfu^d that such (i. e. pores) is tlie true 
explanation of the apj)earance we described in Peachia (7 and 8). He 
included them in his definition of Peachia, but has not described them 
further ^^'ll). But Faurot (15, p. 140) some nine years later in describing 
the movements and actions of living Peachia hastata hiys einpliasis on his 
opinion that the water with which it fills its body-cavity at this time is 
ejected entirely by the mouth, by adding un oinfice a Ve^ctremite hasale 
oie,riste pasP That the apparent orifice caused by introversion, and mistaken 
for a pore by older writers, is not one, is of course certain, but Faurot 
overlooked the (existence of these very numei’ous i)ores round the phj^sa 

Peachia hastata^ which, indeed, may serve the very purpose of ejecting 
water. Still it is to Faurot (15) we owe most of our knowledge of the 
internal anatomy of Peachia hastata. But his excellent paper on the com- 
parative anatomy of several genera of Acimuv docs not profess to deal with 
all their organs. In addition to the above omission, he does not mention the 
powerful endodermal muscle-system of Peachia, (hmies the existence of a 
sphincter, and gives an account of several minor structures differing from 
that given by Haddon. 

' I have therefore dealt with the anatomy of all the organs of Peachia 
hastata as fully as the condition of my material allowed. I have followed 
Haddon (11) in describing the bulk of the muscle on the imperfect mesen- 
teries longitudinal retractor, Faurot (16), on the other hand, considers that 
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the imperfect mesenteries have no longitndinal retractor innscle-s, that their 
entire muscle and a corresponding width of muscle on the perfect mesenteries 
is parietal, and that therefore in the lower part of the scapus in Peachia 
hastafa parietal muscle alone is present. 

In the size of the perfect mesenteries, in their attachment to the oesophagus, 
and in their relative width in the suboesophageal I’egion, Peachia hilli 
differs from Peachia bastata. In Peachia hasfata the pair 6 6 alone, the 
the last pair formed, “ deviennent libres dans Ics deux tiers inft^rieures de la 
region oesophagienne ” (16). In that species towards i he end of the scapus 
the pair 4 4 does not form a group with 5 5 and 6 (5, but has already 
diminished to the size of the imperfect mesenteries. Faurot photographs (16) 
show that at a lower level still, roughly corresponding to fig. 7, the pairs 5 5, 
G 6 in Peachia haetata have also diminished to the same size as 4 4. In Peachia 
hilli these [)airs retain their relatively greater width well into the physa. 

Professor McMurrich (13) has altered the generic characters as defined 
by Haddon to include J*eachia koreni. Although, on account of his unwilling- 
ness to mutilate his only specimen, he has not been able to describe the 
species in detail, there is no doubt that it is a totally distinct species from 
Peachia hilli. In Peachia korevi the concbnia is as largo as the tentacles, 
of which there are only eight, though all six pairs of perfect and four pairs 
of imperfect mesenteries are present. There is alsc; in the American form no 
distinction into capitulum, scapus, and physa. This example of Peachia 
koreni may bo a young form, but, if so, its tenf.acles and mesenteries are 
developing in reverse order to those of the larval form of Peachia hilli. 

Peachia hilli is the second species of this genus recorded from the Pacific. 
The first, Peachia carnea (6), found on the I)each, Dunedin, New Zealand, 
differs from Peachia hilli in being fiesh-coloured. Only the external 
characteristics of this anemone have been given by Hutton, and since these 
apply equally well to the genus Ilaleampa as to Peachia, its position is quite 
uncertain. Another form from the Southern Hemisphere, Peachia antaretica 
(South Georgia), was classed as a Peachia by Pf offer on its external 
characters only, in his “Zur Fauna von Siid-Georgien,” Jnhr. Hamb. 
Anstalt, vi. Jahrg. 1888. In 1898 Oarlgreu found that this was in reality 
a Scytophonu and renamed it Septophorus antareticus (83). 

Phelua bbowni. (PI. 5. figs. 9-13.) 

Form (PI. 6. figs. 9 & 9 a).— Single, conical, fixed ; scapus and almost the 
whole of the capitulum thickly covered with large yellow, brown, and white 
grains of calcareous sand ; beneath these lies a thick coating of transparent 
siliceous grains. This sand forces itself irregularly into the column-wall, 
but does not penetrate the surface, so that the indentations in which it lies 
are completely lined by ectoderm coated by mucus. The grains are beet 
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removed by careful spraping under a dissecting microscope, but this 
operation needs care, as small fragments are deeply embedded. Their 
removal leaves exposed a roughened deeply pitted surface of spongj^ appear- 
ance (PI. 6. fig. 10), and discloses at point of closure of the capitiilum six 
deep longitudinal ridges (PI. 6. fig. 9), which continue distally down fully 
two-thirds of the inverted portion. Where the ridges cease, a circular 
groove with deep folds in its surface (PJ. 5 . fig. 10, 6\^.) runs round the 
capitulum. Iniiiiediately below this spring out a large number of thin, naked, 
nose-like projections, which completely close the entrance to the oral disc, 
when, as here, the capitulum is inverted (PI. 5 . fig. 10). These thin nose- 
like proje(;tions are entirely free from b )th sand and mucus. The pedal 
dis(‘ does not extend beyond the general body of the polyp, which reaches 
its greatest width in the pedal region. The tentacles, short, blunt, and 
marginal, are transversely grooved and number over 40 (PI. 5 . fig. 10^. 
They are plaeinl in several cycles which are difficult to distinguish. Those 
in the iniuirmost cycle are the longest, and measure 2*5 min. ; the shortest 
measure '3 inin. 

Colour , — Professor Hill states that the anemone was sand-coloured in life. 
In spirit it is unchanged. 

Dimensions , — Somewhat irregular in sliape ; narrower distally. Greatest 
height 1 1*3 mm. ; greatest diameter 9 mm. ; diameter at capitulum 4*5 mm. 
(PI. 5 . fig. 9 u). 

Locality, — Collected by Professor Hill in 1894, on the Pacific Ocean 
beach opposite Creel Bay, Broken Bay, New South Wales. 

I wish to associate witli this species the name of Mr. E. T. Browne, the 
well-known aiitlioriiy on medusas to whom I am indebted for kindly 
assistance. 

Columri’-xoall (PL 5 . figj?. 10 & 13). — The surface of the polyp is deeplv 
indented and covered below the sand-grains with a yellow mucous layer 
in which numerous small foreign particles arc embedded. I have not 
been able to fully determine the presence of a cuticle, but the ectoderm is 
badly preserved and lias been much torn in scraping off the sand. The 
ectoderm of the capitulum contains numerous neiiiatocysts present every- 
where, but occurring most abundantly in the soft nose-like projections. 
The mesogloea is thick, finely fibrous, almost homogeneous, and doubles its 
width in the capitular region. It contains numerous isolated cells and small 
lacunae. The endoderm is deep and deeply folded, especially in the capitulum. 
Endodermal muscle on long plaitings of the mesogloea lines the coelenteron 
throughout ; these miisclo-plaitings aro still further developed and become 
slightly branched in the region of the proximal part of the sphincter (PI. 5. 
fig. 10, eniLm,). 

Sphincter (PL 5 . figs. 10 & 11). — ^The sphincter muscle, large, powerful, 
and mesogloeal, is peculiar in form. It recalls the double sphincter of 
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is much the longer, oE compact ioi • *‘l mu -h 

nearer the endoderm than tlie ectoderm. Tiie scitoiia, or OisuU, expansion 
occurs in the soft nose-liko projections of tlie capitnlnm. These projections 
vary in shape, and this portion of the sphincter varies wdth them, since it 
occupies the whole width of the mesoglcea here }>re.sent, and runs into all 
but the finest branches of the [)rojections. The narrow strip connecting the 
distal and proximal part of the sphincter lies in the circular depression round 
the capituliim (PI. 5. fig. 10). The muscle-cavities are closely pressed 
together, polygonal in shape, and only broken hy narrow irregular strands 
of mesogloea passing transversely (PI. 5. fig. 11). Fn transverse sections 
the sphincter shows a straight line on the endodermal, while on the ecto 
dermal side a large wave enters the base of each ridge of the capitulum. 

Tentacles (PI. 6. figs. 10 & 12). — TJie tcmtacles are thick-walled, con- 
taining a small hiineii. The annular grooves on their surface involve the 
ectodermal layer alone, winch is very thick and lias in its external border 
a closely packed row of nematoc 3 'sts placed at right angles to the surface 
(PI. 5. fig. 12). Tlie strong ectodermal muscle is placed on long branched 
mesogloeal processes which end in the nervous zone of the ectoderm. Since 
they are not enclosed by inesogloea on the ectodermal side, and the branches 
do not anastomose, the fibres are not mesoglreal in po'*!itioii (PI. 6. fig. 12). 
The mesogloea is narrow and homogeneous, supporting a sliglit endodermal 
muscle. The endoderm is deep and deeply folded. 

Disc * — The histology of the disc closely resembles thnt of the tentacle, 
The ectoderm is deep with an outer border of nematocysts, and the strong 
ectodermal muscle is placed on long branched mesogloeal processes, which 
end in the nerve zone of the ectoderm. J'heso mesogloeal processes branch, 
hut do not anastomose with one another, and therefore the muscle remains 
ectodermal in position. This muscle becomes deeper towards the point of 
junction of the perfect septa. The ectoderm of the disc is much narrower 
than that of the tentacles, 

(Esopluigus (PI. 5. fig. 13). — The polyp was cut through the oesophageal 
region transversely, the cut surface of the low^er half being represented in 
tlie figure. Twelve deep longitudinal grooves are present. Of these, the 
two grooves which occujiy the normal position of siphonoglyphes, Le. which 
lie between the points of attachment of the two ventral and the two dorsal 
directives respectively, are not innch deeper than the other ten, but the 
specimen is greatly contracted. There are also present, probably owing to 
contraction, a number of very deep transverse grooves. The tissues are not 
well enough preserved for histological purposes. The ectoderm, which is 
deep, contains numerous gland-cells. The mesogloea, fibrous and thin in the 
long grooves, widens immensely in the lobes between the longitudinal grooves, 
and these contain numerous enclosed cells. The endoderm is narrow* 
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Mesmterm \>^'nini (Tl. 5 . fig. 13, — There are three cycles 

of mesenteries ; the formula for each sextant being PiilliiP. The mesenteries 
of the first cycle immber six pairs, including two pairs of directives (PL 5. 
fig. 13, TJiey alone are perfect and carry the gonads; there are 

also six pairs of imperfect mesenteries of the second (PI. 5 . fig. 13, 
and twelve pairs of the third cycle (PL 5 . fig. 13, all of which are 
in a very rudimentary state. There is no trace of a fourth incomplete cycle 
present in several of tlie species already described, and the suggestion, 
therefore, of Kweitnievvski (21) that the partial development of the fourth 
cycle might lx* a generic character is incorrect. This fourth cycle is absent 
also in P, rermifoi'mis. 

Perfect ^^esente7Hes, — TIkj longitudinal retractor muscle of the perfect 
mesenteries is contiiinod in a imiscle-pad wliich is large and reniform in 
cross-sections. Tlie distal I'lid and external a[)pearance of this miiscic-pad 
is shown in fig. 10, /a.//., PL 5 . It (*ontiniies j)roxinially to within a short 
distance of tluj ])edal disc. The m n sc I e-c*el Is are situated on slight, long, very 
numerous and richly-hranched processes (PL 5. fig. 13, Lr\m.). Distally, 
beyond tlx? lev(*l of this iniis(;le-pad, short blunt muscular processes occupy 
the greater width of tlx; perfect mesenteries. Here the mesoglma is thicker 
and contains isolated colls. The perfect mesenteries are also supplied with 
a strong pariolo-hasilar muscle on plaitings of the mesoglma. This is 
produced on one sid<i into a long hrush-like tuft (PI. 5. fig. 13, />.//. m.). 
The mesenterial filaments of the perfect mesenteries are divided into several 
branches. A septa is apjjarently jjresont in the perfect mesenteries, but 
owing to t(*ars caused by removal of sand and to imperfect preservation this 
])oint could not Ixi derided. 

Inconijdete Mesenteries (PL 5. fig. 13, mev*),— The incomplete mesen- 

teries of the second and third cycles are rudimentary, witliout gonads, 
mesenterial (ilainenis, or muscle-pads. They ]>ossess strong blunt muscle 
processes slightly branched on side. The mesenteries of the second cycle 
arc only slightly wider than those of the third. In the region of the pedal 
disc, where the perfect mesenteries are narrower and have lost their muscle- 
pads, the internal borders of all three cycles become connected together in 
groups. The largest group consists of IG mesenteries, whose inner border 
forms part of a circle lined by muscle processes. Examples of somewhat 
similar coalescences of several mesenteries of different cycles have already 
been recorded by Dixon (12) and by Parker (19). 

The Acontia (PL 5. figs. 10, 13, a.) are very large and are, visible 

immediately on opening the coplenteron. They form very white coiled tubes 
of considerable length, some of which pass well into the capiiulum (PL 6. 
fig. 10, a.). Transverse sections show that they are rounded and one side is 
fully armed with nematocysts, but the histology is not well preserved. No 
cinclides are visible. 
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Gonads (PL 5 . fig. 13, qb .). — The specimen was a female. The gonads, 
which were carried by the six pairs of perfect mesenteries, almost filled the 
coelenteron. Transversely they extended from the cesophagiis to the body- 
wall, passing into the spaces between the imperfect mesenteries, longi* 
tudinally, from the level of the mouth to a little above the pedal disc. The 
immense number of ova present were in different stages of growth. 

Phellia capitata. (Pis. 6, 6. figs. 14-10.) 

Form (PL 5 . fig. 14). — Single, fixed ; capitulum slightly swollen ; base 
much broader, there being a gradual increase from the centre of the column 
to the pedal disc, whicli ex^jands broadly beyond the column-wall ; surface 
of the scapus irregularly pitted and gritty with fine sand ; on the cajutulum 
the sand very sparse and the irregularities of the surface arranged in deep 
transverse grooves; the greater part of the capitulum and the scapus 
beneath the sand-grains ccnored with thick yellow mucus, in which small 
objects are embedded ; the small distal portion of the capitulum delicate, 
free from mucus and sand, quite smooth and light sand-coloured. In the 
specimen examined this portion ]>ressed outwards forms a ridge protruding 
round the anterior end of the polyp between the transverse grooves (»f the 
lower capitulum and the expanded tentacles (PL 6. figs. 1.5, Ifi, 11)^ d,rap.). 
Tentacles (PL 6. fig. 14, PL 6. figs. 15, Ifij short, slightly annulated, in two 
cycles, the inner the larger ; .39 present, and a space aboul equal to one-eighth 
the circiiinferenco of the disc, which is devoid of tentacles, lias several minute 
buds at long intervals. The msophagus is extruded together with masses of 
the gonads (PI. 5 . fig- 14, owing to the attachment of the perfect 

mesenteries to the inner wall of the oesophagus this organ is slightly lobed in 
extension ; its lower liorder is deeply grooved transversely. There is no 
indication of a siphonoglyfdie. 

Colour. — Brown in spirit, owing to minute dark brown pigment spots 
which cover the surface to the edge of the light-coloured naked distal parts 
of capitulum. 

Dimensions. — Height 13 mm. ; average diameter 5 mm., diameter at pedal 
disc 9 inm. 

Locality. — Collected by Professor Hill in 1894; oh the Pacific Ocean 
beach opposite Creel Bay, Broken Bay, New South Wales. 

This species is named Phellia lapitata on account of the peculiar swollen 
heads of the longitudinal retractor muscles of the mesenteries. 

Column-^all (PL 6. figs. 15, 17), — The column-wall, narrow below, owes 
its gretiter width distally to the inclusion of a wide mesogloeal sphincter 
(PL 6. fig. 15, sph.). Its surface is very irregular, but tlie sand-grains with 
which it is covered do not penetrate into the deeper indentations. They 
adhere chiefly to the surface of the yellow abundant mucus, and are 
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therefore more easily .removed than in Phellia hroumi^ nm] tlie underlying 
structures are less destroyed in the process. Both mucus and a cuticle 
cover the surfoce of the ectoderm of the column and lower capitulum, and 
the ectoderm underlying these structures is narrow and badly preserved. 
In the naked distel portion of the capitiilum the ectoderm is much wider 
(PI. 6. fig. 15, c? consisting of very deep columnar cells, and nemato- 
cysts, which are not numerous, appear to be confined to this portion. 

Small ill-defined bodies, probably badly preserved isolated cells, are 
scattered irregularly through the mesoghi'a and occur in the sj)hincicr also, 
where they are easily detected, being of much larger size and siaining deeper 
with carmine than the muscle-cells of the sphinct(»r itsedf. An cndodermal 
muscle lining the cadonteron is {uvsent on uiibranched mesoghjeal pluitings, 
which do not appear to be further developed in the ca))itular region (PI. 6. 
fig. 15, end.w,). The ciKloderm forms deep triangular ridges between the 
mesenteries (PI. 6. tig. 17, auL). 

Spliincler. — The sfihincter, large and mesoglcjeal, lies throughout its cjourse 
nearer the endodorm than the ectoderm (PI. 6. fig. 15, Less powerful 

than in Phellia hrowni, it has the same double form as in that specie's, lying 
chiefly in the lower caiutulmn, with a second marked expansion in the naked 
distal j)ortion where it occupies the full width of the mesoghea. The muscle- 
cavities are very numerous, small, oval or round, lined with muscle-cells and 
einl)edded in an irregular manner in the mesoglrea. These cavities lie singly 
and retain their owui sha]>e, hut there are very few scattered cells, and the 
shape of the sphincter as a whole is compact. The naked portion of the 
capitiilum and the distal ex()ansiou of the spliiucter which it contains arc 
more or less constant in shape in this specimen, thus forming a great contrast 
to the long jirolongations of both capitula of the spliincter which are 
present in the last species, Phellia broivni. This difl'erence is 2 )robabIy not 
specific, but the result of Phellia capitata being in full expansion, while 
Phellia browni is in a contracted state. See Vorrill (4) on the sphincter of 
Phellia pamimensisy later named Phelliopsis panamensis (23). The ectodermal 
side of the sphincter is irregularly waved, and it reaches its greatest width 
at about the centre of its length. 

Tentacles (PI, 6. figs. 15, IG). — The tentacles arc thick-w^alled with a 
small lumen. The ectoderm, the broadest of the three layers, is w^ell supplied 
with nematocysts and has a broad nervous zone. The ectodermal muscle is 
powerfully developed on branched processes of the inesoglooa, which end in 
the nervous zone of the ectoderm, as in the last species, and are therefore 
not mesogloeal in position. Short and almost unbranched on the outer side 
of the tentacle, these mesogleoal processes are at least twice as broad on the 
inner side which faces the oral aperture (PI. 6. figs. 15, 19, ecLmJ^). 

The mesogloea, which is narrow, bears on its internal border a w ell-markeJ 
ectodermal muscle. The endoderm is deeply folded. 
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Disc (PL 6. fig. lOjtL). — The musculature of the disc and tentacles in the 
former sf)ecies alike, are in this species voiy different. The ectodermal 
muscle of the disc is only slightly develo{)ed and strongly resembles that of 
VhalUa sollasi (20), another Australian species. A few mesogloeal processes 
are present peripherally. More centrally these ])rocosses are absent and the 
muscle very feebly doveloj)od. The endoderm is narrower than in the 
tentacles and very few nematocysts are present in the ectoderms. 

Mesenteries and Acontia (PL 6. fig- 17). — There arc throe cycles of 
mesenteries^ the formula for each sextant being the same as in the last 
species, viz. PiilliiP. The [)erfect mesenteries are of the first (;ycle only, 
number six pairs including the directives, and carry the gonads ; there are 
also six pairs of imperfect mevsenteries of tlie second and twelve pairs of 
imperfect of the third cycle. 

Perfect mesenteries. A surface > iew of the distal part of a j)erfect mesentery, 
as it appears on opening the anterior end of the pol}"]) longitudinally, is showm 
in PL 6. fig. 1(5. It will be seen that the longitudinal retractor muscle has a 
most unusual form. Throughout the greater jength of the mesentery it 
consists of a muscle-pad of uuiform and very narrow width (PI. 6. fig. 10, 
m.p.}, but at its distal exti*omity it increases suddenly in size and ends in a 
large bulb or head (PL 6. fig. 10, mJ}.). The msophagiis, wdjich is attached 
to the perfect mesenteries and does not extend below t^lie le\(*lof tlie enlargetl 
heads, has, in eversion, drawn the mesenteries upwards and outwards. The 
posilion of the heads of the muscle-pads in tlie lolx's of the everted 
oesophagus is due to this fact, and their curvature probably arises from the 
same cause. 

The internal structure of the muscle-pad and its enlarged head are shown 
and compared in PL 6. figs. 17, lt<, & 19. In longitudinal and transverse 
sections of the head (figs. 18, 19) it will be wseen that the structure consists 
entirely of very numerous delicate processes branching from a mesogloeal 
core, the muscle-cells being situated on these processes. The muscle-pad 
shown in transverse section (fig. 17, m,p.) is drawn on the same scale as the 
muscle-head in fig. 18. In structure the muscle-jmd differs irom the imiscle- 
liead only in the fact that the mesogloeal core is much slighter in the pad 
and does not penetrate so deeply. In shape also the transverse section of the 
pad is more reniform than that of the head. 

The marked difference in the form of the retractor muscle in this species 
and in Phellia hrowni may be se^n by comparing tig. 10 on Plate 5 with 
fig. 16 on Plate 6. 

The mesenterial filament is very small ; immediately below the oesophagus 
it is divided into three parts ; lower down it is single (PL 6- fig. 17, 

The parieto-basilar muscle, which is present in the perfect mesenteries 
only, forms a well-developed bnish-Iike tuft on that side of the mesentery 
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which is opposite to the longitudinal retractor muscle. It has a de})th equal 
to that of the third cycle of mesenteries (PL 6. fig. 17, pjn.). 

The incomplete mesenteries (PL 6. fig. 17, me,^) of the second and 

third cycles are very rudimentary and closely reseml)lo the corresponding 
mesenteries in Fhellia brownL Their feathery af)})ear;uice in both cases is 
due to muscle processes of the mesogloea on each sidtj. They are devoid of 
gonads and muscle-pads. Owing to imperfect presjervation T am unable to 
decide whether a slight mesenterial filament is present on the mesenteries 
of the .second cycle or not, hut the mesenteries tlnunsclves are quite rudi- 
mentary and scarcely longer than tliose of the third cycle. The perfect and 
imperfect mesenteries of Hhellia capkata^ unlike those of Phellia hrowni, do 
not apj)roximatc in width towards the pedal disc or become connected with 
one another. The comj)lete mesenteries in the ])roximal end of the body 
meet in the centre of the pedal disc, to which their basal extreiiiiHes are 
attached. The incomplete nieset'teri<»s are also attached to the pedal disc, 
hut they are narrower and end at varying distances IVoni its centre. The 
pedal disc, tliendbre, has a great number of radial lines at its circumference, 
twelve of wliicli, representing the attachment to the perfect mesenteries, 
meet in the centre. 

The Acontia (PL 6. fig. 17, a,). — The acontia are numerous, thick, and 
long, but not so dead white as in the former species, and therefore not so 
j)romincnt at first sight. Transverse sections (PL 6. fig. 17, a.) show a round 
figure with a groove on one side. The opposite or convex side is strongly 
armed with iiematocysts, and there is an axis of connective tissue. In form, 
therefore, the acontia of both Phellia browni and capituta closely resemble 
the acontia described by Hertwig (5) in Cercus spiuosua and CalHwtis 
parasitica^ and are unlike tliose figured by Oarlgreii for Sagartia viduatay 
Sagartia midata, Metridium dianihus^ and Cliomlracthnu (14). Unfortunately 
the muscle-fibn^s, which Hertwig says “ lie on the convex side of the moso- 
gliea, where the nematocysts lie,^^ and which Carlgren finds in every aeon tium 
examined by him ‘‘auf der den Nesselzellen entgcgeiigesctzteii Seite,’^ are 
here not well enough preserved to distinguish. 

Gonads (Pis. 6, 6. figs. 14, 16, gs,). — ^The specimen was a male and the 
gonads, carried by the perfect mesenteries only, were extremely well developed 
and formed large bunches, partly extruded with the oesophagus ; they also 
almost filled the coslenteron distally, but diminished in size proximally. In 
the specimen examined it appeared that, the perfect mesenteries ceased to bear 
gonads at different levels, but the state of preservation is not good enough 
to determine the point. The spermatozoa present are not fully ripe. 

' These two Australian species are characterized by the unusual strength of 
the sphincter and its peculiar contraction into two parts, which does not occur 
in other known species of the genus. The size and prominence of the 
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acontia are also unusual characteristics. Haddon and Knictniewski, indeed, 
consider smallness of the acontia a generic character (21). Fhellia hrotmii 
(and in less degree Phellia eapiiata) is distinguished also by the thickness of 
its sand-incrustation. 

The known species of Phellia from the Pacific — viz., PhelUa r>ermiformis(VI) 
from Torres Straits and Phellia sollasi (18 and 20) from Funafuti, Phellia 
tevtiaiamt (16) from Ternati, and amhoniensis (21) from Ambon — differ widely 
from those here described in the three characters named above. Other 
points of difference are the external shape and the form of the longitudinal 
retractors, and the mesenteric formula of Phellid sollasi^ ternatana^ and 
amhoniensis, Haddou^s collection included two other anemones from lorres 
(Straits, which he had ‘‘no donbt were Phellia,''^ They were, how^ever, 
lost before examination, and their external characteristics alone are given. 
These do not agree with those of Phellia browni and capitata. Until re- 
discovered, their position is in reality doubtful, since the exbumal characters 
of PJtellia and Chondractinia are alike, the fact that Phellia boar the gonads 
on the perfect mesenteries being the point of diflVrenCe between the two 
genera. 

An interesting series of stages of development of the ectodermal muscle 
of the disc is shown in the genus Pludlia, In Phellia sollasi and Phellia 
capitata we find it at its lowest stage. A few fibres, stronger near ilie 
capitulum, are all that arc present. In Phellia Imncm these fibres are large 
and branched and present over the w^hole disc, while in Phellia ternafana 
anastomosing of the branches has taken place to some extent, and the ecto- 
dermal muscle is now partly mesogloeal in position. This process is carried 
still further in PhelUa amhoniensis. Whole bundles of muscle-fibres are here 
enclosed by the anastomosing of the mesogloeal branches, which are 3-4 times 
as wide as the mesogloea itself, but as yet very few of these fibres have sunk 
into the mesogloea. A step further in the development would give ectodermal 
muscle of the disc as mesoglosal in position as that of n mesogloeal sphincter 
which originates from endodermal muscle. 

Although the partial division of the sphincter into two parts seems to be 
peculiar to Phellia hrowni and capitata^ the fact that it enlarges at its 
narrower distal end to fill the whole of the mesogloea Jms been noticed by 
other observers, viz. Knietniewski (16) and McGuire (20). May this not 
be generic ? 
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Leit&nng. 


a. Acontium. 
c. Cuticle. 

c,g. Circular groove of capituluni. 
d.cap. Distal portion of capituluiu. 
dsph. Distal portion of spliincter 
muscle. 
ect Ectoderm. 
ect.m. Ectoderm muscle. 

end, Endoderm. 
end,m, Endoderm muscle. 
ffr. Groove. 
gs. Gonads. 

tmper,m€ft. Imperfect mesentery. 
m. Mesogloea. 

m, 1, m. 2. Different lengths of ectodermal 
muscle in tentacles. 
m.h, Dulb or head of long retractor 
muscle of mesentery. 
mes. Mesentery. 


me.', me.“, I Mesenteries of Ist, 2nd, and 3rd 
me.®. ) cycle. 

m,f. Mesenteric filament. 
m, 2 >. Muscle-pad of long retractor 
muscle of mesentery. 
mu. Muscle. 
muc. Mucus. 
nem, Nematocysts. 
me, (Esophagus. 
p, Physa. 

p.b,m, Parieto-hasilar muscle. 
p.m, Parieto muscle. 
po. Pore. 

8. Scapus. 
sd. Grains of sand. 

»i. Siphonoglyphe. 
sph. Spliincter. 

8u, Sucker. 
teid. tentacle. 


EXPLANATION OF THE PLATES. 


PlMTK 4 . 


Fig, 1. 

2 . 


3. 


4. 


6 . 

6 . 


7. 


8 . 


Peachia hilli, X 2. 

PeavMa kilH, Larval form, x 2. 

Peaohia hilli. Transverse section through oesophageal region. X 12. 

Peachia hill*. Longitudinal section through capitular region. X 14. 

This section passes through the oesophagus and shows the thick wall of the 
sipUonoglyphe on the right-hand side. 

Peachia hilli. Longitudinal section through the lower end of the scapus, showing 
strong development of endodennal muscle, x 68. 

Peachia hilli. Longitudinal section through part of physa, showing five pores 
X 188. . ’ 

Peachia hilli. Transverse section through lower scapus near physa. x 12. 
Peachia hilli. Perfect mesentery, x 52. 


Plate 5. 

Fig, 9. PheUia bratoni. End view. X 3. 

9 a. P}ieUia hrowni. Side view, x 3. 

10. PheUia browni, I.<ongitudinal hand-cut section through capitular region. The 

sand-grains are removed from the lower half, leaving the rough deeply pitted 
surface exposed. Dravra under dissecting microscope. 

11. PheUia browni. Longitudinal section through sphincter. X 188, 

In upper part the endodermal muscle m figured attached to a mesenteiy, in 
the lower \m,Yt it is represented lined by the endoderm of the column-wall. 
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Fig. 1 2. FheUia brovtni, TransTerse section througli a tentacle, x 282. 

Shows large development of ectodermal muscle. 

13. Pkellta brawni. The polyp was cut in two transversely through the oesophageal 

region. This figure represents the lower half viewed as a solid object. Drawn 
under a dissecting microscope, x 12. 

14. PheUia capitata. X 3. 

Platk 6. 

Fig. 16. PhelUa capitata. Longitudinal section tlirough sphincter and tentacles, x 44. 

16. PheUia capitata. Longitudinal retractor muscle in situ. The everted oesophagus 

has been cut open longitudinally^ and the gonads and muscles are exposed to 
view. Drawn under a dissecting microscope. 

17. PheUia capitaia. Transverse section showing examples of the three cycles of 

mesenteries, x 52. 

18. PheUia capitaita. Transverse section through enlarged heads of two longitudinal 

retractor muscles, x 52. 

19. PheUia capitata. Longitudinal section through oesophagus, disc tentacles, and 

muscle-head of retractor muscle. X 34. 
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Tli« British Museum (Jollection of Blattiu^ enclosed in Amber. 

By R. Shelford, M.A., F.L.S. 

(I’l.ATM 7.) 

[liend 4th May, 1911.] 

In a previous number of this Journal (Zool. vol. xxx, 1910, pp. 33C-3.55) 
I described a lar^je collection of Blaltidw in amber belonging to tho late 
Dr. R. Klebs, of K(>nigsberg.i..Pr. The memoir here preisentod deals with 
.n smaller collection which Dr. A. Smith Woodward, F.R.S., has most kindly 
hand(>d over to me for examination and study. Tho sj)ocimens come from 
several localities and from at lc.ast two geological horizons, and by my study 
of them T am enabled to extend slightly our knowledge ol the cockroaches of 
the past. The extrenu! modernity of tho species is us apparent in this collection 
as in that belonging to Dr. Klebs, and again 1 find it unnecessary to erect 
a single now genus for tho new forms which I describe. For this I was 
prepared, but I was cerfjiinly not [»reparcd to find an example of the modern 
species li^tiihi/rrhaj>Jici Ooq., in the British Museum collection ; and 

yet such is imloed the case. This species, which at pre.sent is found in most 
of the tropical regions of tiie world, occurred in Miocene times in Europe, as 
evidenced by a well-preserved specimen in amber which, after a careful 
examination, 1 find to bo identical with modern pinned specimens in the Hope 
Mnscum, Oxford. If Euthyrrhaplia padjiea v.’as a generalised type of cock- 
roach, its occurrence in the Miocene period would perhaps excite but little 
surprise ; but it is a highly modified form and tho type of wing-structure 
is quite peculiar. 

The wide geographical distribution of this species is sufficient evidence of 
its “ fitness " to survive amidst' divergent conditions of life. Its occurrence 
in Europe in Miocene times, and in a form which, so far as can be seen, does 
not differ in any important particular from examples extant to-day in iSonth 
Africa, shows that the survival-value of the species is no new attribute, but a 
heritage from a past of very rosiMSctable antiquity. Until our knowledge of 
the Tertiary Blattidse is much more complete than it is at present, it will bo 
impossible to say whether the present distribution of Kpaeijica is an extension 
of a more restricted range in Miocene times, or if tho species had a wider 
distributiou theti than at present. 

LINN. JOURN. — ZOOLOGT, VOL. XXXU. G 
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The collection under notice may be classified as follows : — 

I. Oligocone species from 

a. East Prussia 

b, Samliind 

II, Miocene species from Stettin 
IIL Species from Africa, geological 
horizon unknown. 

I have throughout this paper, in order to facilitate reference, quoted the 
numbers which the individual specimens bear. 


2 specimens. 
12 specimens. 
7 specimens. 
9 specimens 


I. OLIGOnENE SPECIES. 

Dr. Klebs’s collection must be nearly complete and exhaustive of the Bailie 
provinces, for not a single British Museum specimen from this region and 
horizon can be referred to a new species. 

a. East Prussia. 

IsCHNOPTERA GEDANENSIS, Germ. -Ger. 

Bfaita gedanensis, Germar & Bereiidt. Organ. Reste in Bernstein, Bel. ii. A hi. 1, p. 
pi. 4. % 4 (1856). 

One male, No. 1 13762, 

PHYLLODROMIA ? FURCIFERA, Shelf. 

Phyllodromia furciferay Shelford, Joum. Linn. Soc., Zool. xxx. (1010) p. 346, 

One female in a state of such poor preservation that identification is very 
doubtful. No. 1 13763, 


b. Samlanu. 

Nearly all of these specimens are larvfc, which it is impossible to refer with 
any degree of certainty to species described from adult forms. Even when 
the entomologist is dealing with modern species the allocation of larvoe to 
their adult forms is attended wdth great difficulty, unless he is aided by 
careful field-observations and accurate data ; it will be readily understood 
that the difficulty is enormously increased when the maierial in the ento- 
mologisPs hands is fossil. Very young larvie were easily trapped in the 
resin which flowed from the trees in the Baltic Oligocene forests, but large, 
powerful adults could free themselves and leave no trace behind. The 

♦ One of the specimens sent to me is a larval Locustid j this, of course, is not included 
in the above list. 
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student of the amboi; fauna is therefore always conscious that he has before 
him only the weaker and more fragile forms, which could not escape their 
living grave. 

EcTOBins BALTicus, Germ. Bar. 

JllaUa biiUka, Gennar & Berendt, Organ, iteate in Beraatein, Bd. ii. Abt. 1, p. 34, pi. 4. 

fig, 5 (18o()). 

One male, quite tj-pical in appearance. No. 1 1,3755. 

IsC’irNOPTERA Sp. 

K mere fragment of the, entire insect, consisting of head, pronotum, and 
front logs only. No. 1 13740. 

Temnopteryx ki.ebsi, Bhelf. (Plate 7. figs. 3, 4.) 

Tenmojtmjx klehsi, Shclford, .Toiirn. Linn. Soc., Zool. .\.xx. (1010) p. 310. 

One male. No. I 13756. 

I am able to supplement my original description of this sjtecies, a.s the 
British Museum spetiimen is in bettor condition than the type : — Sixth 
abdominal tergite with the posterior margin sinuate. Seventh to ninth 
al)dominal segments constricted. Subgenital lamina subquadratoly produced, 
with two styles asymmetrically placed, the right situated at the bottom of a 
(leej) notch, the left on the margin. Titillator penis extruded, sharply 
pointed, apex not hooked, 

? Nyctibora sncciNicA, SlieJf. 

NyctHiora sucrimea, Sholford, t. c. p. 360. 

To this species 1 refer with very considerable doubt a larva (No. 1 13748), 
a larval moult (No. 1 137.51), .and a solitary hind-log (No. 1 13757), The 
larva is con.siderably smaller than the type, itself described from a larva, and 
the moult is smallei- still. The shortness of the tar.si with their well-developed 
pulvilli and arolia show that these specimens cannot be referred to .any 
Phylloilromiine genus, nor to any Periplanetine genus known to occur in the 
amlwr fauna. ( 'on.sequently there is a distinct balance of probability in 
favour of these specimens being young larvae of Ayctlhora suecinka, but I 
fear that my determination of the species can go no further than Unit. The 
single hind-leg is not devoid of interest, since it reveals one of the moans 
whereby the remnants of the amber fauna have been preserved. The tarsjil 
claws are entangled in some strands of spider (?) silk ; the anterior edge of 
th« femur is ruptured and some torn muscles protrude from the rupture, 
showing that the leg was forcibly torn from the body probably by tho 
insect’s own frantic struggles to free itself. Tho amber surrounding tho 
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derelict leg is quite clear and undisturbed, so that the enclosure of the leg in 
resin was an event ensuing after its entanglement. 

? POLYPHAOA FOSSILJS. 

PohjphagafossUis, Shelford, Jouni. Linn. Soc., Zool. xxx. (1010) p. 861, pi. 48. fig, 21. 

One very young larva which can only be identified with great uncertainty. 
The proHorvation of the specimen is not good. No. T 13752, 

Larvje. 

Eour specimens, Nos. 1 13747, 1 13749, T 13750, 1 13753, are probably the 
very young larvio of a species of Phyllodromia : a fifth example. No. 1 13751, 
is a young larva of on(‘ of the Blattao muiicm ; the insect is much distorted 
owing to the extrusion of some of the viscera between the thoracic sclerites ; 
it is po.ssibly identical with the Polyzosteria parimla of Bercndt (Ann. Soc. 
ent. France, vol. v. p. 542, pi. 1(). fig. 1, 1830). 


II. MIOCENE SPECTES FROM MTETTJN. 

The small number of Miocene specimens debars us from drawing any very 
valuable conclusions from a comparison of the Oligoccme and Miocene 
Blattiche in amber, but we may note tlio following points ; — 

The gen(;ra Ectohhis^ faclmoptera^ Temnopteryx^ Nyetihnra^ I/olocompsa^ and 
Polyphaga are not represented in the coll(^ction from Stettin ; two^ genera 
make their first appearance in the Miocene, Pseudophyllodromia and 
Evthyrrhaplia ; two genera, Phyllodromia and Ceratinopiera^ are common to 
both horizons, but the Miocene species of the former genus are very difFerent 
from tlic Oligocene species and present, if possible, even a more modern 
appearance. (Comment has already been passed on the occurrence of the 
genus Evtliyrr/iapha in the Miocene fauna. 

These British Museum s])ecimens have the surface of the amber blocks 
reticulated with minute cracks, so that the examination of the enclosed 
insects is attended with some difficulty, but I hope that I have succoed<»d in 
making out all the details of structure which are visible.' 

Phyllodromia woodwaudt, sp. n. (Plate 7. fig. 5.) 

One male, No, 58577 ; one female. No. 1 13770. 

Flavo-testaceous ; eyes rufous ; frons with a V-shaped dark macula. 
Antennas long and slender, apical joints dark. Pronotum transversely 
elliptical, anteriorly not covering vertex of head, posteriorly very slightly 
produced, disc immaculate, lateral margins hyaline. Tegmina and wings 
barely exceeding apex of abdomen. Tegmina immaculate, moderately broad, 
the discoidal sectors straight. Wings with mediastinal vein multiramose 



COLLECTION OE BLATTlDiB ENCLOSED IN AMBER. 


63 


costuls few and ramose, ulnar vein ramose. Abdomen beneath immaculate ; 
subgenital lamina (<J) symmetrical, posteriorly produced into a small 
quadrate lobe, the styles being situated in small nolches on either side of th(‘ 
lobe, (?) semi-orbicular, ample ; supra-anal lamina (?) projecting slightly 
beyond the subgenital lamina, its apex triangularly emarginate. ('crei 
moderately long, banded beneath with fuscous, 11-jointed. Front femora 
with the anterior margin beneath armed with a complete row of spines, the 
more distal shorter than the others ; remaining femora moderately armed. 

Total length (cJ) 12 mm., (?) 15 mm. 

The abdomen of the female has been partially devoured by some [)redatory 
insect and only a portion of the wings remains beneath the tegmina, which 
have been displaced. 1 have much pleasure iu naming this species after 
Dr. A. Smith Woodward, F,li.S. 

PUYLLODllOMIA PRyEClIKSOB, Sp. 11. (l^late 7. figs. C, 7 .) 

One male, No. 58505. 

Rufo-testaceous. Aniennm fuscous. Pronotum trapezoidal, anteriorly not 
covering vertex of head, posteriorly scarcely })rodiiced, disc with a few 
obscure dark points. Tegmina and wings considerably exceeding apex of 
abdomen. Tegmina with minute casiaiieous ))oints situated on the costal 
veins, at the base of the radial and ulnar veins, and on some of the ulnar rami ; 
mediastinal vein simple, radial vein bifurcate near apex, the lower branch 
ramose, about 12 costals, some of them bifurcate, discoidal sectors oblique, 
noth ulnar veins ramose, anal vein impressed. Wings with mediastinal vein 
bifurcate. ( -erci not visible. Subgenital lamina subtraiiezoidal, symmetrical, 
with 2 genital styles. Front femora on anterior margin beneath armed with 
a few strong spines, wliieh are succeeded distally by minute piliform spines ; 
remaining femora strongly armed ; genicular spines long. 

Total length 12 mm. 

Tn this specimen the right tegmen is lifted and extends at right angles to 
the body, so that its venation can be clearly seen ; unfortunately the under- 
lying wing is almost completely covered hy a portion of the left tegmen. 
The minutely maculate tegmina should enable this species to he readily 
recognised. 

PSEUDOrHYLLODROMIA SUCCINICA, sp. n. (Plate 7. tig. 2.) 

One example, No. 58616. 

Head testaceous, with a narrov/ fuscous band on the vertex and two on the 
frons. Antennso setaceous, rufescent. Pronotum transversely elliptical, 
testaceous, with two longitudinal fuscous vittic. Tegmina long and narrow, 
fuscous, with the costal margin and the veins iiithc basal half pale testaceous ; 
about 9 costal veins, the last 3 ramose, posterior ulnar vein simple. 

Total length 18 mm. 
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This is a mere fragment, the abdomen, legs, and ventral thoracic sternites 
liaving been destroyed, probably by some predatory insect, but the wing- 
venation and the type of coloration are eminently characteristic of the South 
American section of the genus Pseudopliyllodromia. In ray former paper on 
Blattidaj preserved in amber, T drew attention to the fact that, if any 
comparisons at all were possible between the Oligoccne amber fauna and a 
modern tropical fauna, the Neotropical fauna was the only one which 
presented features of similarity with the European Oligocene fauna- It is, at 
any rate, noteworthy that amongst these scanty remnants of what was once an 
extensive Miocene insect fauna occurs a species which has its nearest allies in 
South America to-day. It is notoriously hazardous to draw conclusions from 
insufficient data ; I do not therefore seek to eshiblish any theory on the facts 
just noted, but content myself with rccordijig tliGiii, believing fully that one 
day their real significance will be established. 


('eKATINOPTEHA MIOCENICA, sp. U. 

One female, No. 58557. 

General colour dark castaneous. Pronotum with anterior margin covering 
vortex of head, posteriorly slightly produced. Sciitellura exposed. Tegraina 
corneous, barely exceeding apex of abdomen ; venation mostly indistinct, 
but anal vein deeply impressed. Abdomen piccous beneath ; subgenital 
lamina semi-orbicular, ample. Oerci not visible. Legs rufous, hind-femora 
with 6 spines on the anterior margin beneath, 6 or 7 on the posterior sinargin 
beneath. 

Total length 8 mm. 

The unique specimen is enclosed in a large block of amber in which are 
also embedded, besides several other insects of different orders, shreds and 
fragments of vegetable tissue; one such fragment conceals most of the 
ventral surface of the cockroach, and my description of the insect is therefore 
much shorter than I should like it to be. The strong armature of the hind- 
femora distinguishes the species from the four Oligocene representatives of 
the genus, noted or described by me in my former memoir, and to the 
best of my belief the species is also different from, all known modern 
Ceratinoptercc. 


? Pehiplanbta sp. 

One female, No. 58652. 

This is a larva and I refrain from giving it a name, as the adult may be 
found some day, and until that happens the exact generic position of this 
immature specimen must remain in doubt. 

The general colour is pale ochreous, marked symmetrically with castaneous 
blotches. The supra-anal lamina is trigonal, its apex notched. The oerci 
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are long. The femora are moderately armed. Tlie production backwards 
of the posterior angles of the meso- and metanotuin shows that the adult 
must bo a winged form. 

Total length 14 mm. 

EimiYuniiApnA pacifica, Coq. 

lilatta pucijiva, Coquebert, Icon. Ina. iii. p. 91, pi. 21. Bg. 1 (1804). 

One example, No. 58535. 

The specimen is so enclosed in a block of amber tliat I am not able to make 
out much of the underside details, and therefore I cannot determine the sex 
with accuracy. The proiiotum has a yellow sj)ot at each posterior angle and 
the legs are dark castaneous, in which details the specimen resembles modern 
South African more than any South American specimciiis which T have 
seen. 

The present range of the species is South America, Africa (includiug 
Madagascar), and Polynesia. 

111. AFRICAN SPECIMENS. 

Unfortunately the g(‘ological horizon of these specimens is unknown. 
1 am willing, however, to hazard the opinion that it is much later than the 
Oligoceiie period. Only five genera are represented, viz., Anaplecta^ 
JsrknojiterUj PhyUodromhi^ Perlplaheta^ and IHectoptem *. The first and last 
of these genera may be considered as very highly evolved forms ; their 
wing-structure is — if I may be pardoned the expression — le dernier cri in 
Blattid wing-evolution ; and though we must exercise the utmost caution in 
our attempts to determine the duration of a species’ existence from an 
examination of its structure alone, nevertheless I l)elieve that the occurrence 
of such highly-evolved forms as Jinaplevia and Plectoptera in amber is slight 
evidence in favour of presuming quite a late date for the horizon in which 
the amber is found. 

All but one of the specimens are recorded from East Africa ; the single 
exception has merely the label Africa ” ; but as this sjx'cimen a])])ears to mo 
to be identical with one of the East African examples, I venture to assume 
that the provenance of all the specimens is the same. It is unfortunate that 
the exact locality where these specimens were collected is quite unknown. 

Anapleota sp. 

One male, No. 1 13769, with label “Africa^’ ; one female, No. I 13761. 

' The numerous species of the genus Anaplecta are of small or minute size ; 
they exhibit a very uniform type of coloration and the form of the terminal 

* The detenoination of the genus Periplaneta is a little doubtful, as is shown later. 
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abdominal segments does not greatly vary. Consequently the systematist is 
compelled to fall back on the venation of the tegmina and wings in his efforts 
to discriminate between the species ; but this resource fails in the case of 
these particular amber inclusa^ for their tegmina are pressed closely to the 
body and the merest vestige of one wing is visible. I see no object, then, in 
giving a name to a species which may be, for all I can tell to the contrary, 
identical witli some modern representative of this very difficult genus, and 
which it is impossible to describe in detail. As a matter of fact, these 
amber specimens look very like rufous specimens of the modern West African 
Anaplecta cincta, Gorst., but very probably their wing-venation is totally 
different. 

The following is a description of the specimens ; — 

RuFo-<5astauoous. Antennae fuscous, not quite so long as the body. 
Pronotum transversely elli])tical, its lateral margins hyaline. Tegmina with 
lateral margin in basal half hyaline ; discoidal sectors longitudinal. Sub- 
genital lamina ( c? ) triangular, apex notched, ( ? ) semi-orbicular. Cerci 
testaceous. Legs testaceous, femora weakly armed. 

Total length 5 mm. 


IsCHNOPTERA PROVISIONALIS, Sp. n. 

Two females, Nos. 1 13764, 1 13766. 

llufo-testaccous. Head with vertex not covered by anterior margin of 
pronotum; a castaneous band between the ^ eyes. Pronotum trape«oidal, 
posteriorly produced slightly ; disc indistinctly marked with castaneous* 
Tegmina and wings barely exceeding apex of abdomen. Tegmina with 
radial vein simple, 15-17 costals, 7 longitudinal discoidal sectors. Outer 
margins of the abdominal sternitos and disc of subgenital lamina blotched 
with castaneous. Subgenital lamina semi-orbicular, ample. Cerci short. 
Front femora armed on anterior margin beneath with a few long and strong 
spines, succeeded distally by shorter spines ; remaining femora moderately 
armed. 

Total length 15-16 mni. 

This species presents so exactly the facies of those African species of 
hclmoptera typified by Lschnoptera bimaculala^ Gerst., that I have no 
hesitation in determining its generic position, even though the truly diagnostic 
character of the genus afforded by the wing-venation is not visible. I am 
less satisfied that the species is really distinct from all modern African 
species of Ischioptera^ and until the male sex is discovered I fear that this 
mast remain uncertain ; the females of this group of the genus resemble 
each other so closely that their separation into species is excessively difficult 
even when the entomologist has fresh, pinned specimens before him. The 
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sjiccific luiuio which J have adopted for this amber-enclosed Blattid indicates 
the doubt with which I regard its identity. 

PflYLLODHOMlA INCLUSA, Sp. U. (riatc 7. fig. 8.) 

One male, No. 13765. 

I^alo testaceous. Antcjnnm longer than the body. Proiiotuin tra})ezoidal, 
anteriorly not covering vertex of head, posteriorly very slightly produced. 
Teginina and wings exceeding ajiexof al)domen, l)ut not by much. Discoidal 
sectors of tegmina longitudinal, Supra-anal lamina produced, quadrate, 
exceeding the apex of tbc subgenital lamina, which has the ap(*x produced 
into an asymmetrical lobe. ; only one genital style, the left, visible. Cerci 
rather short, with 11 visible joints. Front femora anned on anterior margin 
beneath with 1-2 strong spines, succeeded distally by piliform setm ; remaining 
femora moderately arjued. 

Total length 12 mm. 

PlJYLLODllOMIA SJ). 

One male. No. 1 13759. 

The block of amber in which the s})ecimen is embedded has been &o cut 
that it is impossible to get anything but a side view of the cockroach, and 
even this is obscured by tlui numerous cracks on th(‘ surface of the amber. 
Under these circumstances it would bo unwise to describe the species. I can 
only say that it differs from the other s{)ccies of th(' genus described from 
amber faunas l)y the prolongation of the left posterior angle ol’ the subgenital 
lamina into a spiniform process. 

Total length 13 mm. 

Peiuplaneta sp. (I^late 7. fig. 1.) 

Three larva'. Nos. 1 13760 (two s|)ccijiiens in one block), 1 13767. 

These larvte, the largest of which is not nearly half-grown, look as if tlay 
might be the young of Periplaneia audmlasiw^ Fab., a modern, cosmopolitan 
species, but 1 thiidt that they are not the same. 1 must, however, confess to 
ignorance of the very young larvaj of P, austmlashv ; if 1 may judge from 
the many collections of Blattidm which have passed through my luiuds no 
one has ever taken the trouble to acquire specimens illustrating the stages in 
the life-history of the species. Even the exact generic determination of 
this species is very doubtful ; it is quite likely that the discovery of the 
adult will show that it must be referred to Pseudoderopeltis or even to 
Stylopyga. The figure illustrating the larger of the larvie is of more value 
than many words of description, and will perhaps enable other investigators 
' to decide if the species is distinct from P. australauce or not. The larva) are 
bright oebreous marked with castaueous. 
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Plectoptera ahtiqua, sp. n. (Plate 7. fig. 9.) 

One lemalo, No. 1 13758. 

Ilufo-castaueous. Antennas (slongato, setac(sous, fuscous, with the last four 
or five joints pale. Pronotuni transversely elli}>tical, anteriorly not covering 
vertex of head, sides hyaline. Tegniina hyaline ; mediastinal vein giving ofiE 
some incomplete venules towards the outer margin, radial vein simple ; 10-11 
rather irregular costals, many of these joined by transverse venules, a few 
vemc spuria) l)etween some of the costals and betw^een the discoidal sectors. 
Apical field of the wings visible. Subgeniial lamina small, a})ex only slightly 
produced, styles excessively small. t^erci straight, moderate. Legs 
testaceous ; all the femora entirely unarmed beneath. 

Total length (excluding the unfolded wing-apex) 5 mm. 

By a fortunate accident the apical field of the wing, which in this genus 
and in AmipUcta is iiorinally doubled over the rest of the wing and hidden 
under the tegmina, has been unfolded in this specimen and projects far 
beyond the apex of the tegmina, so that there can be no doubt as to the 
generic identity of the species. Unfortunately, whoever was responsible for 
shaping the block of amber in which the insect is embedded, ground one face 
a fraction too much, with the result that one-third of the dorsal surface of the 
insect has been destroyed and the com})loto venation of th(' tegmina can no 
longer be observed. This venation is rather singular and the fraction that 
is visible suffices to discriminate the species from all the modern reprcseiitativos 
of the genus. 

The following is a list of all the .species noted or described in the preceding 


pages, arranged in their systematic order ; — 

Suhfam, 

Geological 

horizon* 

Locality. 

EcTOBiiNJii. EvtMus balticuSf Germ. & Ber. 

Oligoeene. 

Samland. 

Anaplecta sp. 

P 

Africa k E. Africa. 

PuvLLODROMiixJE. Ischnoptvi'a yedanensUf Germ, k Ber. 

Oligocene. 

E. Prussia. 

„ sp. 


Samlaud. 

„ provmonalis, sp. ii. 

V 

E. Africa. 

Fhyllodrwnia ? furciferaj Shelf. 

Oligocene. 

E. Pmssia. 

„ indusa^ sp. n. 


E. Africa. 

„ sp. 

P • 


„ profcurso?’, sp. n. 

Miocene. 

Stettin. 

„ tpoodivardi, sp. n. 

» 


Pseudophyllodromia ei^dnica, sp. n. 

V 

V 

Ceratinoptera miocenica, sp. a. 


99 

Tefnnopteryx JUebsif Shelf. 

Oligocene. 

Samland. 

NvCTiBoiuNi®. P Nyctihera auccinica, Shelf. 

9i 

99 

Blattinjk. Periplmeta sp. 

? 

E. Africa. 

tf ff 

Biiooene, 

Stettin. 

PlectortkIun.®!. nectoptera antiym^ sp. n. 

P 

E. Africa. 

OoBYDilN^. Euthyrrhapha pactfica^ Coq, 

Miocene. 

Stettin. 

P Polyphaga foaaUUy Shelf. 

Oligocene. 

Samland. 
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EXPLANATION OF PLATE 7. 

Fijr. 1. IHeriplaneia larva. (No. 1 13767.) 

S?. rmidophyUodromia mvcinica, sp. ii. (Tlie artist lins represented the insect a-s a little 
too broad in proportion to its len^b.) 

3. TenmopUryx hkhij Shelf., d , ftpex of abdomen from above. 

n if >» ft ft ft ft beJioatli. 

/3. l^hyUodromia woothvardi, sp. n., (J , apex of abdomen from beneath. 

6. „ pmcnnoVj sp. n,, rijrht tegmon. 

7. „ ,, „ c^, apex of abdomen from beneath. 

H. „ inclnsa^ .sp. n., c? , aj)ex of abdomen from beneath. 

i). Plcctoptcra antitpia^ sp. n., portion of left tegnien. 

N.B.—Fij^^s. 1 and 2 iwa reproduced from dra\vinp:.s in the Geological Galleries 
of the Natural Ilibtory Museum. 
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On tho Occurrence of Amplddinhnn operculatum^ CHIap. & Lach., in vast 
Quantity, at Port Erin (Isle of Man). By Prof. W. A. Herdman, 
F.B.S., F.L.S. 


(Platr 8) 

[Road Ist Juno, 1911. J 

In ^i;oin»; to and fro between tlie village of Port Erin and the Biological 
Station, during tho recent Easter vacation, I had occasion to take a short cut 
acros.s th(» sandy hoacli at least twice and soinetinns six times in the da 3 ^ 
One gets into the habit, in thc.so traverses, of looking closely at tho l)each 
when the tide is out, on the chance of seeing something of interest cast up. 
On April 7th, I noticed a new and quite unusual appearance on the sand at 
or a little above half-tide mark. The hollows of the ripple-marks and other 
slight depressions formed by the water draining off the beach were occupied 
or outlined by a greenish-brown deposit which in places extended on to the 
lev(‘l so as to discolour patclu's of the sand (sec PI, 8 . fig. 1). 

Here the deposit remained, more or less, for a month — waxing and waning, 
sometimes increasing in a tide, say, roughly tenfold, and at other times 
ap])arently disappearing for a day or two and then re-appearing either on the 
same part of the beach, or it might he a few hundred yanls away. At one 
time it discoloured a continuous stretch of sand about 50 yards long by 
5 yards in brea<lth just below liigh-wiiter mark, and was noliccablc from some 
distance away. 

At the first glance I supposed tho appearance was caused by a deposit of 
Diatoni.s, but on taking a sample to the laboratory, inicroscojiic examination 
showed that although a few diatoms (including Savicida Amphhhwna’^ ^ ora 
closely allied form) were present, the deposit was formed almost wholly of 
enormous numbcr.s of a very active little Peridiiiian or Dinoflagellate of a 
bright yellow colour. More careful investigation enabled me to identify this 
form as Aw phidinium operculaiimif described by Claparedo and liachmann, 
in 1858, from specimens obtained at Christiaaisand, Bergen, and a few other 
places in Norway. 

The published records of Amphidinium^ however, do not give the impression 
that it is a common or abundant organism. The latest comprehensive work 
on such forms — the article on Peridiuialcs, l)y Paulsen, in the ‘ NordiscLes 
Plankton’ (Kiel, 1908) — recognises 4 species of Amplddinwm ; A. crassum^ 
A. rotundattnn^ and A. longum^ which as yet have been recorded from Kiel 


^ See postscript at end of this paper. 
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only ; and A. opercnlatum^ which is stated to occur in braclvish water on the 
north coasts of Europe. In addition, Kofoid (‘ Dinoflagellata of the San 
Diego Region/ 1907), records A, lamisire from fresh water, A. aculeatum^ a 
pelagic form from Naples, and A. sulcatum^ which he took in a vertical haul 
from 90 fathoms in the Pacific. 

On hunting through the few scattered references to A. operculatvm which 
oceur, one finds, however, that U. S. Bergh, in the ‘ Zoologischer Anzeiger' 
for 1882, states (p. 093) that Spengel in December and January found it in 
Imge quantities on the beach at Norderney. Although, therefore, Amphi^ 
dinium operadafvm has been recorded once before as occurring in quantity, 
the occurrence appears to be a sufficiently rare event to be worthy of notice ; 
and, so far as I can ascertain, the species, although known from several parts 
of North-west Europe, has not been previously found on the British coasts. 
I have written to most of the marine laboratories (Plymouth, Cullerooats, 
St. Andrews, and Millport) and to many marine biologists and have not been 
able to hear of any British record. 

It is, however, not an unknown thing for rare Dinoflagellates to appear 
suddenly in some locality on an occasion in phenomenal quantities. Torrey, 
in the ^American Naturalist ’ for 1902, describes the unusual occurrence of 
a species of Gonynidax on the coast of California. Sherwood and Vinal 
Edwards, in the ‘Bulletin of the United States Bureau of Fisheries’ for 
1901, tell how for two weeks in September a PmWia/wrn infested Narragansett 
Bay in such numbers as to colour the water blood-red and cause the death 
of many fishes. 

Finally, Whitelegge, in the ‘ Records of the Australian Museum ’ for 1891, 
gives an interesting account of a new species of Glenodinium [G. rubrum) 
which appeared in such quantities in Port Jackson as to give the w^ator “ the 
appearance of blood and cause the death of great, numbers of oysters, 
mussels, and all forms of shore life. Whit(degge supposed that the very 
lieavy rainfall that year, by affecting the salinity of the water, and then a 
lengthened period of calm weather which followed, may have provided 
favourable conditions for an unusual development of the Dinoflagcllata. 
The Glenodinium appeared in vast numbers about the middle of March and 
disappeared early in May. When it was at its climax, the allied colourless 
species Gymnodinium spirale appeared in the bay and soon increased greatly in 
numbers and became finally even more abundant -than the red Glenodinium 
upon which it was evidently feeding. 

Returning now to our AmpUdinium operculatum^ it is not easy to account 
for the sudden appearance of this unusual Dinoflagellate (previously un- 
recorded in Britain) in such profusion on the beach at Port Erin last April. 
Plankton hauls were being taken regularly across the bay at the time, and 
they showed no trace of the organism. In fact, Amphidinium has not 
occurred in any of the thousands of gatherings which we have taken in the 
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Irish Sea during the last fotir years, and which have been examined in minute 
detail by Mr. Andrew Scott, A.L.S. 

Thinking it might be present in the shallow water close to the edge of the 
beach, Mr. W. Riddell and 1 took some hauls of the tow-net from a j)unt 
worked backwards and forwards in a few inches of water as near as we coidd 
get to the discolonretl sand, but the gathering, altbongli it contained fine 
sand and mud, showed no traeo of our Dinoflagellafe. It may be noted here 
that although the size of the Amplmliniitm, 0 05 mm. in greatest diameter, is 
such that it can slip through the mesh (averaging about 0-()8 mm.) of tho 
finest ])lankton silk (no. 20), still so much clogging of the meshes always 
takes place in such hauls, and so many other smaller organisms and particles 
of mud are retained, that it is cerbiin that had the Amyhidinhim been 
present in any (piantity in the water it would have shown up in the 
gatherings. 

Careful scraping of tho sand showed that tho Dinoflagellates wore only in 
and on the surface-layer, and therefore could not be regarded as coming up 
from below'. It occurrc<l to us that possibly they might be fresh- or brackish- 
water forms derived from the land ; but wo ascertained that the little 
stream in tho centre of tho bay, which in wet weatlicr overflows on to tho 
beach (at other times it is conveyed into the town sower), had not, on account 
of the unusually dry season, sent any water to the beach for some weeks. 
Moreover, on experimenting with tho living Ampliidhnutt, in tho laboratory, 
we found that while it lived well in sea-water it died at once in fresh and 
survived for a few days only in brackish water. Samples of tho Amphi- 
dhiiinn kept in shallow dishes of wet sand at the Biological Station in a few 
days showed such jwofuso growth that the sand was covered by a dark- 
coloured layer, the water became impure, and eventually all the Dinoflacrdhites 
died off. 

Observation under the microscope shows that although this is a singularly 
active Dinoflagollate, circling round and round with great vigour, s^that a 
drop of sand and water containing a number of tho organisms presents a most 
animated })ic*turo under a low i)owor magnification, still the Amphldlnium 
seems to he actually attracted to tho sand-grains and associated with them. 
The sand-grains in the field of view are alwjiys peppered over with a number 
of specimens of the Aiiijdiidinmin (PI. 8 . figs. 2, 3, 4), and if individuals be 
watched they are seen after swimming round to come back to rest on a 
sand-grain and remain there for a time before starting off on another 
excursion. If they are thus constiintly associated with sand-grains or other 
solid particles, and never swim more than a microscopic distance from such 
a resting-place, that may account for the fact that we have never found them 
in oiir plankton gatherings. 

Amphidiniwn operculatum is also, however, positively heliotropic, congre- 
gating in quantity on the lighter side of the dish in the laboratory, and 
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shifting in bulk from the sand at the darker part of a tank to the end nearer 
the window. This property accounts for the invariable occurrence of the 
discoloured sand on the surface only and never in the deeper layers. 

The published figures of this species are not very good, so a view of both 
dorsal and ventral surfaces, as seen under a high magnification, is given 
here (PI. 8 . fig. »^>). There certainly seems to be a slight but definite cuticle 
covering the greater part of the surface, although this has been denied by 
some previous writers. The two characteristic Dinoflagellate grooves 
certainly join, as is stated by Calkins but not by other observers. 

The posterior flagellum which projects freely from the body is not difficult 
to see, but the anterior one which lies along the transverse groove is not so 
easy to demonstrate, and may differ a little in position and extent from what 
is shown in the figure. 

Stages in longitudinal fission wore frequently seen, and that is probably 
the commonest method of reproduction. What appeared to be conjugation 
between two individuals was observed in one instance. 

It may be that this organism lives normally in small quantities, so as not 
to ho conspicuous, in some region of the sandy beach, or possibly in some 
special habitiit beyond the beach, and that the present vast increase in numbers 
has been duo to some unusual conjunction of circumstances ; but what these 
were I am not prepared to suggest. In the case of the Port Jackson 
Glenodhdum plague, Whitolegge thought the increase may have been due 
to exceptional rainfall and calm weather; hut the occurrence this spring at 
Port Erin was preceded by unusually dry, but rather stormy, weather. 

I am inclined to tliink that, although I can find no previous recoi’d of sueli 
an occurrence, it is probable that these swarms of Amphidinium have been 
seen before at Port Erin, and possibly e1sewd)ere. I fancy I have seen the 
phenomenon myself in tlie past, and have supposed it to be due to swarms of 
Diatoms, which certainly do cause some of the ycllowish-gre(m and brownish- 
green patches on the sand between tide-marks. 


PosTHCttiPT, June 5/A, 1911. — Two days after reading the above paper 
before the Linnean Society I was again on the beach at Port Erin. I found 
in the same region what was apparently the same patch of discoloured sand, 
but on examining a scraping with tho microscope found that the deposit was 
now wholly composed of a golden-yellow Navicnloid Diatom — one of the 
Aunphuhccna group of Navimla, I have searched the beach carefully 
between tide-marks, and have examined samples from every suspected patch 
of sand, but can find no trace of Amphidinium. The Navimla^ which was 
present in April in very small quantity (see above), seems to have completely 
replaced tho Dinoflagellate. We have probably still much to learn in regard 
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to the comings and goings of s*.ich microscopic forms and their pliysiologiciil 
inter-relations in connection with whut may be called “ the metabolism of the 
beach.’^ — W. A. H. 

9t/i . — ^The Amphidinunn is now back again in abundanc e,and tlie 
Diatoms arc absent. — W. A. 11. 


EXPLANATION OF PLATE 8 . 

Fig. 1, The general appearance of the brown dopohits in the ripple-marks on the sand, 
reduced in size. 

2. Sand-grains and Amphidmium (])hoto-nucrograph under low-j)ower niagnitication). 

3. Sketch from living preparation, to show some Amphidinia resting on the sand-grains 

and others swiiuiiiing about (low power). 

4. Part of fig. 2 under high-power magnification. 

5. Dorsal and ventral views of Amphidinium ojyerciilatum — enlarged from liigh-})ower 

magnification. 

For the photo-micrographs r<'produced as figures 2 ond 4, I am indebted 
to my friend Mr. Edwin Thompson. 
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ObservaUons on soino New and Little-known British Ithizopods, 

By Jamks Meikle Brown, B.Sc., F.L.S. 

(Plate 9.) 

[Read 4th May, 1011.] 

During the exanunation of Rhizopod material collected from different 
localities in England and Scotland during the past few years, several 
interesting species have been obtained wliich I Ixdievc* have no! received 
previous notice as occurring in this country, and it skeins desirable io jmt 
them on record. Some of these spc'cies are quit(‘ common in certain 
localities, while others, again, arc apparently particularly rare, and do not 
st'ein to have been observed since they were originally described some years 
ago. Others, again, though re])eatedly obseuwed by their original discoverer, 
havcj not been met with by other naturalists. Further and more extended 
systematic work in this country will prol)ably show that these last are more 
common than we at prescuit believe. 

('(KmuoPODiUM GHANULATUM, PemmL (Plate 9. iigs. 1 & 2.) 

Penard, * P^aiine i lii/.opodiqiie * See, p. 194. 

In a collection of sediment containing AmfdfW, Pampharnfs, &c., considerable 
numbers of this fine Hhizopod occurred. They were of larg<^ size, up to i:^() 
or 100 /A, and in an active stat<L When disturbed the protoplasmic body is 
retracted and completely enclosed witliin the flexible test. In the active 
state a large mass of protoplasm flows out from the test, forming a broad 
expansion and giving oft* numerous pseudopodia. In this state the body 
j)lasma shows two distinct regions. 

The included posterior ynirt is greyish and granular, enclosing a distinctly- 
seen nucleiLs, which cojitains one or more “ nucleoli,’ and in the largcjst 
speciimms many ‘Miucleoli.'’ Diatoms, green Alga*, and other food-bodies 
are enclosed in large numbers. 

The extruded portion is relatively large in bulk. It is clear and hyaline, 
much vacuolated, and contains a groat number of minute, oval, highly 
refractive bodies in very active movement. These occur in smaller numbers 
within the inner protoplasm, where they seem to be less active. Vacuolisation 
is sometimes so marked that the boundaries between the vacuoles arc only 
rendered visible by the presence of these bodies. 

' The pseudopodia are numerous and hyaline, often branched, and in most 
cases obtuse. The protoplasm also exhibits wave-like outbursts. The test 
is flexible, deformable, and in the active animal in the form of a hemispherical 
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(lomo, with upturned margin. The margin is more flexible than the rest 
o£ the test and presents an irregular rim, generally outwardly and upwardly 
curved. In the retracted animal the “ mouth becomes completely closed. 

The test exhibits a double contour with cross-stria tions. Under high 
powers, in surface view it shows numerous dots of diflerent sizes, which lake 
up stains (kresyl-l)hm and neutral-red), while the rest of the test remains 
unstained. In o]>tical section the cross-fttriations are seen to correspond 
with the surface dots, which are, in fact, the ends of the cylindrical or rather 
double-cone-shaj)ed structures of dense nature traversing a less dense 
non-staining matrix (Uh 9. fig. la). 

M.uiy young min»ito individuals w’ere observed, identical with the large 
forms exc«*pt that tlie nucleus contained one central chromatin body 
suiToundcil ))y a clear zone. 

Nkbela baubata, Leidy. (Plate 9. figs. 3 k 4.) 

Lpidy, in Proc. Acad. Nat. Sci Philad. 1^70, p. 119. 

Leidy, * Fveshw. liliizop. N. America/ 1879, p. 169. 

West, G. 8., Jourii. Linn. 8oc., Zool. xxviii. (UK)1) p. B23. 

Compare Cash, * Jlrit. Illiizop. and Heliozoa,’ vol. ii. 1JX)9, p. 11»3. 

Leidy first described this species from examples taken from sphagnum in 
N. Anun-ica, and allhougli it possesses very definite characters, it bus since 
fre((uently been confused with other species, and it is probable that very few 
iialuralists have really seen it. 

Dr. J*enard, in ‘ Faune Khizop.’ p. 363, regarding the “ cilia or sincules 
of Leidy’s description as {)robibly parasitic growths, considers AT. barbata 
as identical with Taranek’s K. americana and discards Leidy’ s nanuMis less 
suital)le. (^asli again (p, 113), both in his description and figures (pi. 27. 
figs, t} & 6), confuses jV. barbata with quite another form, wdiich probably 
is to be identified with N, tnhulata. Brown, but he gives also, as a text-figure, 
a drawing by West, which correctly shows A7. barbata^ taken in Llyn 
Llydaw, N. Wales. AT. barbata has been found by the present writer in 
consideraide numbers in Blea Tarn, Westmorland, a small tarn receiving 
drainage from sphagnum ; and the individuals quite conform to Leidy’s 
description. 

aV. barbata has a slightly compressed, fiask-shaped test, with a cylindrical 
neck expanding very slightly at the mouth. This latter is oval, often 
with an irregular margin, and never }) 0 ssessing thickened lips or lateral 
notches. The test is transparent and generally covered with circular discs, 
sometimes slightly overlapping each other, with occasionally a few irregular 
flakes or sand-grains. , The fine needle-like spicules are rigid and sharp- 
pointed, about 1 2 long, and project from between the plates. They occur 
scattered in large numbers on all sides of the test (i, they are not restricted 
to tl)e lateral margins, as in many species of Rhizopod). These oils bear no 
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relation whatever to parasitic funj(i, and can in no way compare with those 
shown in Ponard*s figure (‘Faune rhizopod/ j). .‘156) and which are described 
as ‘"short obtuse hyaline needles.’^ The protoplasm is like that of Nebelas 
generally. Within the fundus it is crowded wdth yellowish food-bodies and 
diatom frustules, while within the neck a comparatively narrow band of clear 
proto}>Iasm passes to the mouth, where it expands to the full width of the 
neck, and generally gives rise to one or two pseudojmdia. 

Size : length of test 1 00 /a; breadth 44 /it ; width of neck 14/Lt ; length of 
oils about 12 /x. 

XeBELA TTTBITLATA, Tirown. 

yphela 7)ulitarii*f var. tnhidafn, Hrown, in Jouvn. Linn. Snc., Zool. xxx. (1910) p. 300. 

pi. 00. Vvri,, 0 .^10. 

From the examination of individuals found in the English liako District, 
this form was previously d(wcribed as a variety of .V, milituris, l^enard. 
Since that time 1 have had o[»portunities of examining many specimens 
from (liflforont localities, including Stanage (Derbyshire), Duddon A^alley 
(Lancashin*), Sca\Nfell and Il(*lvellyn (( ^nnberland). Den Lodi (Perthshire), 
Glen Shee (Perthshire), Stranraer (Wigtown.Nhire) The characters are 
always quite distincli>e and the animal .diows little iendentjy to variation, 
and no transitional forms connecting it with jY. are met with. 1 

therefore now regard it as an independent species. 

In Clash’s monograph, vol. ii. pi. 27. figs. 5 & (> ar*' named and described 
as iV. barbiUa^ Leidy« This is ol)vionsly an error, and the figures probably 
are to be identified as referring to JS\ tiibnbita (see remarks nndt^r S. barbafa^ 
p. 78). 


Nebkla scotica, sp. nov. (Plate 9. figs. 5-8.) 

Tins Hbizopod was found in large numbers in sjdiagnum gathered froin tht‘ 
miildlc slo[)c.s of Den IahH (Perthshire) in August 1910. The test is 
compressed, and in shape broadly pyriform, with roumled doims which 
contracts abruptly into a short thick neck with lateral margins narrowing 
slightly to the borders of the mouth. In narrow view^ the dome i.s rouiidecl, 
and tho sides slope gradually to the mouth with only very slight concavity. 
The mouth is broadly elliptical wdih an irregular margin and no lateral 
notches. The surface of the test is somewhat variable, ami sometiine*^ 
inclined to irregularity. It is covered with transparent, colourless scales, 
occasionally almost rounded, at other times irregular in shape, of very 
variable size, and sometimes distinctly overlapping, with smaller scales 
overlying the corners where three or four scales meet (PI. 9. figs. 8 u & 8 />)• 


♦ For the distribution in Scotland of this and other species of llhizopoda, see my paper 
in the Aim. Scot Nat. UM. 1011, pp. 220-232. 
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All the plates appear corroded and the corners rounded, and cannot be 
confused therefore with mere foreign grains. Their general appearance and 
arrangement suggest N, dentistoma and N, vitrcea^ troin wlii(di, however, 
this species differs in other rosp(»cts. The mouth-scales are fretiuenlly larger 
than the others, and by their shape give the irregular margin to the mouth- 
opening. The protoplasm is similar to that of Nebelas generally. The 
individuals were frequently found encysted. The cysts were spherical and 
filled with granular matter. The mouth of the test was invariably closed by 
a laminated diaphragm, formed across the narrowed part of the test, while 
the mouth itself generally contained debris. 

Size: length 78-82 g ; breadth 57-59 g; thickness 40 g; month 18-19 g. 

Though this species is remotely like JV, collaris in shape, it cannot be 
confused with it ; the characters of the mouth and of the test are (jiiile 
different. It appears more closely related to dentistoma or N. rilrwa. 

Nebela niGiBBOSA, Penard. 

Peiiard, in Mdni. 8oc. phys. t‘thist. iiat. Geneve, 181^, p. H>] ; and Revue Suisse de 
Zool. 1905, p. 000, pi. 13. %s. 10-19; * British Antarctie Expedifioii Repoils," 
vol, i. pt. vi. p. 240. 

iV. biffihhosa was originally described by Dr. Penard from inab'riul gathered 
at Wiesbaden. The same observer has more recently reported it from 
Valais, Spitzbergen, and fi*om Vancouver and Victoria, but it never s(‘ems 
to have been found by otlau* workers. The present writer has found it at 
High Lodore (Cumberland) and again in Cleii Eagles (Perthshire), bn both 
occasions amongst ground moss (not sphagnum). It is readily distinguished, 
not only by its general form but especially by tlie presence of two tube-like 
connections passing between the broad faces of the lest. Active individuals 
were found on both occasions, 

Capsellina TiMiDA, sp. iiov. (Plate 9 . figs. 9-13.) 

This species was first discovered amongst moss growing on walls at 
Eccle.sall, Sheffield, in November 19B9. Later it also occurred amongst damp 
moss taken from the outside of a water-trough, also at Ecclesall, in which 
situation it has repeatedly been found since. In May, 1910, it was found 
amongst moss gathered at High Lodore, Derwentwator ((Cumberland). 

The body is ovoid, with a slight narrowing towards the mouth end, and 
with regularly rounded posterior extremity. It is compressed, more or less, 
and in extreme cases to almost half its width. The body is covered with a 
perfectly smooth, clear, transparent membrane. So far as observed it does 
not undergo deformation, but it seems sufficiently flexible to allow of this. 
Even under high powers the test appears to be structureless. There is no 
second external envelope of foreign matter, as is the case with C. hrt/ornm^ 
Penard. The structure and characters of the mouth agree perfectly with 
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IV.nard^s description o£ that species. In the broad view of the animal, it 
shows a straight lino running at right angles to the end of the body, due to 
the tight compression of the two incurved lips. In partial side view, two 
curved lines crossing one another represent the edges of the lij)S, wliich in 
narrow view disappear ; while an end view shows a straight line stretching 
nearly across the test. In most cases the mouth was closed tightly by 
compression of the lips {as may be inferred from the difficulty in getting 
stains to penetrate), but in one or two small individuals from High Lodore 
the lips were separated (see PI. 9. fig. 12). Whether this is a natural state 
it is difficult to say- 

The protoplasm fills the whole space within the test. It is colourless or 
greyish and contains many inclusions. Immediately wdthin the menibrano is 
a layer of brilliant droplets, of small size and highly refractive (oil). The 
general j)rotoplasm contains many minute granules, together with larger 
food-bodies, including small green Alg® and even diatoms of considerable 
size. They show' various stagevs of digestion and vary from yellowish to 
hrow'nislu The size of the food-bodies observed demonstrates that the mouth 
is capable of considerable distension. In respect to the food-bodies this species 
difter.s very nuieh from (\ hri/ornm, 

Several vacuoles occur. They originate in the protoj)lasm of the body and 
slowly move towards the mouth end, enlarging at the same time. Then 
somew here in the neighbourhood of the mouth they disappear, hut the process 
is not that of a sudden collapse, they seem to become lost gradually. 

The nucleus is single, but not readily seen. It aj)pears to contain a single 
si)herieal chromatin body, surrounded by a clear space. It is not of specially 
large size. 

As is cliaractcrisiic of most Khizopods from the drier mosses, the animals 
seem remarkably shy under observation and rarely put out their pseudopodia. 
This may he due in largo measure to the unnatural conditions under wdnch 
they are examined. In the few cases when pseiidopodia were seen, a small 
mass of clear protoplasm was noticed on the outer side of the test in the 
region of the mouth (which was not observed to be dilated), and from this 
a single lino filose pseudopod iuni originated, which by extension and 
contraction varied greatly in length. It was able to bend upon itself, and 
even swung round slowly as a whole. The movement of the animal is very 
similar to that of Emjlypha^ being of a somewhat jerky nature. 

The animals have not been observed to divide. The process of division of 
r. hryonim^ described by Penard, seems peculiar, in that the outer test is 
divided longitudinally at the same time as the inner body. 

In some individuals the body protoplasm takes on a different appearance. 
It becomes broken up into numerous spherical bodies of about 3 /a diameter, 
which completely fill the test. This condition may possibly be connected 
with reproduction. In collections kept for some time, the protoplasm 



^^2 MR. .T. M. BROWN OS SOME NEW AND 

{gradually retracted from the test, became more spherical in form, and the 
nucleus became more visible (PI. 9 . fig. 11). This may have been preparatory 
to encystment. 

The size of the animal varies slightly. Large specimens (adults) generally 
were about .‘14 fi long, 27 fi wide, and lb fi thick, but snialler individuals were 
common. 

It is interesting to notice that this species was discovered and examined 
before the author received a copy of Penard’s paper describing the only other 
known species of the genus. 

Euglyi’UA BKToi’iiiLA, s]>. iiov. (Plate 9. figs. 14-1,5.) 

At different times, amongst the drier mosses of woods, from districts as 
widely separated as Monsall Dale (Derbyshire), Port Patrick (Wigtownshire), 
Glen Api» (Ayrshire), and Kincardine O’Neil (Aberdeenshire), 1 have met 
with examples of a Kvgly^lui w'hicb seems to me sufiiciently characteristic to 
merit specific rank. 

The test is very regular in form and subject to no marked variation. It is 
compressed and in broad view elongated oval, with rounded dome, and lateral 
margins gradually narrowing with even curvature, to the borders of the 
month. In narrow view the dome is somewhat pointed and the lateral 
margins run in almost straight lines to the mouth. The outline is very even, 
and may compare with that of K. h'vis, Perty. 

The mouth is almost circular and bordered by six plates, each ha^ing one 
blunt rounded central tooth, with a minute lateral tooth on each side, often 
very difficult to distinguish (PI. 9 . fig. 14 a). The plates of the test are 
distinctly marked, are elliptical in shape, and arranged as in K alceolata, 
but with some slight irregularity towards the month. 

The crown of the tost carries a cluster of four or five long, sharp, curved 
spines, of a nature similar to those found in E. cristata, Loidy. 

The protoplasm is quite normal. 

Size : length .50 /* ; breadth 23-25 ft ; thickness 16-17 fi ; mouth 9 /i ; spines 
about 16 ft or more. 

I was at first inclined to regard this as a variety of E. cristata, Leidy, 
owing to the presence of the cluster of spines, but this is the only respect in 
which the two forms are similar. E. cristata is quite peculiar amongst 
Euiflyphu! in being very slenderly built and having a distinctly tube-like 
uncoinprossod lurm, with a very characteristic arrangement and appearance 
of the plates ol the test. In none of these characters does the present 
species resemble it. Further, it is very unlikely that a variety of a 8[)ecies 
normal to sphagnum, which occurs in dry moss, would be of more robust 
build. 

Dr. Penard, in ‘Mem. Soc. phys. et hist. nat. Geneve,’ 1890, pi. 9. 
figs. 91 & 92, figures two individuals as broad forms of E. cristata which 
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might be identified with K bryo/ilnla, hut he makes no reference to this form 
in his later works. 

Placocysta jubassica, renard. (Plato 9. figs. 1(5-18.) 

Penard, in Revue Suisse de Zool. 1905, p. 611, 29 & 30. 

This species Iiiis not previously been reported from England *. It occurred 
in comparatively small numbers in sphagnum gathered near Harrop Tarn 
(Cumberland) in May 1010, aiul again in sphagnum obtained near Stranraer 
(Wigtownshire) in September 1010. 

P. jurassica <liff*ers from the more common P. spinosa^ L^idy, in its 
smaller size (72-76 its greater breadth in proportion to its length, its less 
compressed form, and espcjcially in the character of its spines. These are 
not restricted to the margins of the test as they are in P. sphwsa^ but arc 
distributed over its whole surface, though less numerous towards the middle 
of tlie broad faces. In form they are not broad flattened blades, hut are fine 
“ cils like those of many sj)ecios of Euglypha* They arise from the test at 
the points of junction of three ]>Iatcs fPl. 9 . fig. 18). (Penard\s figure shows 
some of the spines arising from the middle of the plates themselves. This I 
have never seen.) At such points the cementing material is thickened in the 
form of a raised ring, in the central deju’ession of which the cil” is 
implantiMl. These rings appear as dots under low magnification, but under 
the higher powers their real character is demonstrated. Each ring would 
represetit “ le coussinet chitineiix,^'’ which Penard (l(»scril)es in P. spinosa. 
In places, two or three sjnnes arise together and then two or three annular 
formations occur in juxtaposition. The plates are much loss regularly 
arranged, and are comparatively smaller and more numorous, than in 

sp'numi. None of the individuals found were acti>e. 

Bchknodkiua MAcaoLETis, Lfiiij/, (Plate 9 - rig. 19.) 

Leidy, * Freshwater Rliizopods of N. America,’ 1879, p. 232 and text-fig. 

So far as I have been able to discover, no records of this species occur 
since Leidy’s time. It must be one of the rarest species of Uliizopod. 

Several individuals occurred, however, in S})liaguum gathered near 
Stranraer (Wigtownshire) on Sei)teinber IIUO. Tlievare <piite characteristic 
and cannot he confused with any other species. 

Leidy describes the test as compressed, with a broad neck gradual! v 
extending from tlie bod}' and terminating in the oldicpu' elliptical mouth. 
The broad faces are occupied mainly by a pair of large hexagonal plates, 
from which the neck extends below. 

' * T find^tluit Mr. W". Fvans, in his Presidential Addiv-s to tlie Roy. Pliys. Sck*., Kdiii. 
1906 (published 1909), notes P. juramca as found by ^Ir. .1. Cash in fpha^nuin fioni tlif 
I’enthind Hills. 

LINN. JOITKN. — ZOOLOGY, VOL. XXX II. S 
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Tliis is, indeed, the superficial appearance. When, however, the plates are 
examined with great care, it is seen that they are not, in fact, hexagonal. 
They are, in reality, more or less strongly bent, elliptical plates, with long 
axis lying transversely, and the upper and lower edges forming almost 
straight lines. They are overlapped slightly by the very strongly bent oval 
lateral plates, which cover the margin of the test. The result is the 
appearance of hexagons. 

The mouth margins are without covering plates and are very flexible, often 
becoming folded back during juanipulation. 

Th(j test is much broader in proportion than that of S. lenta. 

Size: length 21 breadth 20 /x. 

Amduituema AVRKmTiANrM. Archer, 

Ai'clitir, in Quart. Jouni. Micro. 8oe. ii. ix. 1800. 

Peiuxrd, * Kaiiue rliizopodiquo ’ Ac. p. 

This species occurred iu several collections of sphagnum made in Scotland 
iu August and Soj)tember 1910, e. g, Stranraer (Wigtownshire), Ben Ledi 
(Perthshire), generally associated with A. stenostoma, Niis.slin, which seems 
the coiumonor species. Dr. Penard found ii abundantly in the Jura, but 
states that until that time it had never been met with sinc.e Archer first 
described it from Ircluiul. It does not, however, ap})ear to be at all 
uncommon in Scotland. 
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1909. “ Sur quelques Rhizopodes des Mousses,” in Arch, fur 

Protistonk. xvii. pp. 258-296 
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1911. Penarh, E. — British Antarctic Expedition Reports, vol. i. pt. vi. 
‘‘Rhizopodos d^eau doiiee/^ 

1901. West, G. S. — “ On some British Freshwater Rhizopods and Hcliozoa,’’ 
in dourn. Linn. Soc., Zool. \x\iii. pp. 3()8-'342, pis. 28, 29. 


EXPLANATION OF PLATE 9 . 

Fig’S. 1 & 2. Cochliopodium [jranulatu.nt,V\y\\fivA, X iKH). Fig. I shows the animal extended 
and fig. 2 allows it retracted almo^t within the le>t. Fig. 1 is part of the test in 
optical section (more magnified). 

Figs, & 4. XeMtf harhata^ Leidy. X 400. Fig. 3 .sliows au individual in surface \iew 
and fig. 4 in optical section. Plea 'rarn. 

Figs. O' S. Xebela saoticfi, sp. nov. X tlHO. Fig. 5 allows an active individual ; fig. 0 an 
encysted aniinal in optical .“ecliori ; fig. 7 is the side new of an tuupty test in 
outline. Fig. o a i-^ the mouth r»*gion of fig. o, X ^^20 ; tijN. 8 a and 8 b are portions 
of the test of two individuals, X '^20. Pen Ledi. 

Figs. 0-l*». (.^apitelliita thnula, sp. nov. x <»40. Fig. 1) is tlie side vit»w of au active 
individual; lig. 10 is the semi-side \ iew of iho same ; tig. 11 shows an individual 
(whkdi had been kept fur soiin* time) contracting from rhe lest; fig. 12 is a small 
spt*cimeii with ojjen lips (IVojii Jiodoiv); tig. 13 i^ the mouth region of an individual 
witli highly \ mandated protoplasm, x lUOO. .\U except lig. 12 from Ecclesall 
(Sliellield). 

Figs. 14 Jo. Efff/Ipjjho bvyophda^ sp. nov. X o30. Fig. 14 is the broad view and tig. lo 
the narrow view of an active animal. Fig^. 14// shows the inner face of a mouth 
scale." (lien App. 

Figs. 10-18. Placociji^ta Fig. 10 i> an empty te^, X o30. Fig. 17 shows 

the iiioLilh region, x 82o, and tii». 18 a portion of the test, X 825. Near IJarrop 
Tarn. 

Fig. 10. ^phviutilvim X 030. Side view of an empty te.st. Stanraer. 
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Ifitocranieira hdelUirce, nov. gen. et sp., a Copcpod of the Family Cantho- 
cainptidse, paruHitic in the Egg-cases of Bdellura. By J. A. Liddkll. 
((^oininiinicated by Prof. G. 0. Bottrne, D.Sc., F.R.S., F.L.S.) 

(Platks 10 & 11 and Text-figures.) 

[Read 21 st March, 1912.] 

OCCURJIENCK. 

The specimens from wliioh thi.s description is faiken wore obtained from 
JAmuluii which were kept in .spirit for dissection, the Department of 
(Comparative Anatomy at Oxford. The precise locality from which the 
Llnufltts came is unknown, except for the fact that they were brought from 
America some twenty-five 3*ears ago. 

The gills of fJmnlus are commonly infested by parasitic turbellarians of 
the group Bdc'llurida*. Wheeler has de.scribed three specie.s of thc.se : in the 
egg-Kja.<ies of two, Bdellura Candida^ (iirard, and 7^. proju tujua^ Wheeler, 
which measure to 4 mm. and 1*2") mm. respectively in length, a small 
copcpod of tlie famiW ( 'anthocamj>tida" was found, for which I suggest the 
name yitovrameira hdellurtr. 

With regard to tlie occurrence of these ogg-cascs, those of 7i. 
were far more common, and were .situated almost exclusively near the base.s 
of the leaves forming the gill-books. Those of 77. Candida only occurr(*d 
rarely and were generally full of eggs, but three empty case.s were found to 
contain the copepod. 

Tl\e much smaller cases of SyncwVulum^ Wheeler, which are found at the 
margins of the leaves, never contained any inhabitants. 

The c,opej)od was only found in eiiiptj" cgg-case.s, tliough a certain amount 
of organic d(*bris was generallj" present, and in one case the remains of a 
lurbellarian embryo wore found. 

They only occurred in cgg-cases wliich were comparatively fresh. Older 
ones, much torn at the opening, or containing particles of sand and inorganic 
debris, were never occupied. 

The number of copepods in each case varied considerably. One or two 
were sometimes found, but three to six seemed commoner. Larger numbers 
often occurred, one case containing 23 females and 6 males. 

The number of males and females was approximately equal, the latter 
preponderating slightly. 

Nauplius and metanaupliiis stages were also found in the .same ca.ses as 
their parents. Very few half-grown s}>eciinens were found. 

LINN. JOURN. — ZOOLOOr, VOL, KXXIU 
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Segmentation. 

Thtt adult IVitocrameira is minute, the total length being 1’26 mm.. 
*37 mm. of this length represents the caudal sete. The body is slender and 
almost cylindrical, though somewhat compressed in the head region. There 
is no sharp demarcation between the thoracic and abdominal regions, and the 
segments are not sharply defined at the margins. 

The third, fourth, and fifth thoracic segments are distinctly ringed, though 
fused to the head, and the limits of the second can be seen laterally. The 
first is thoroughly fused to the head, no marking being apparent between 
them. 

The articulation between the fore and hind parts of the body, which occurs 
between the 5th and Oth thoracic segments, allows very free movement, and 
in many of the spirit specimens the abdomen is flexed dorsally so as to form 
almost a right angle with the oephalothorax. 

Tliere are four free abdominal segments excluding the telson, ilie first of 
which bears the genital aperture. 

In the female the first and second are thoroughly fused, and no articulation 
nor any mark is apparent between tlnuii. 

In the male the genital segment hears a pair of minute, indistinctly hilohed, 
setose ])rojectioiis, which may perhaps be regarded as the vestiges of a ]>air of 
appendages. 

The eggs are carried in an egg-sac regularly arranged in a double row, 
and number from seven to twelve. 

The spermatophore is pyriform, and hooked at the neck end. 

The rostrum is small, narrow and conical. The caudal rami are short, and 
bear only a few sete. The large seta is roughly one-third of the total length 
of the body. Another seta less than half this length lies externally to it, and 
there are three small setm in addition. 

The only structural trace Hitocmmeira shows of its semi-parasitic 
existence is the extreme smoothness of the urosome. 

The strong claw-like posterior ramus of the 2nd antenna of the Nauplius 
larva may also be a modification for attachment to the walls of the egg-sac. 

Appendages. 

1st Antenna . — ^Thc first antenna is eight-jointed, the third joint being in 
both sexes small, and bearing the greatest number of sete. 

In the female there is a distinct bend at the third joint. The fourth bears 
a long three-jointed sesthetasc. The last two joints are small, but quite w'ell 
defined. 

In the male the fourth and fifth joints are fused and expanded. The 
sesthetasc, which is blunter ’ terminally than in the female, rises from the^ 
point of fusion of the two segments. 
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The joint wliic^h transforms the antenna into a grasping organ occurs 
between the fused fourth and fifth, and the sixth segments. The latter is 
provided anteriorly witli four short tooth-like spines. 

The seventh and eighth segments are smaller than in the female, and the 
joint between them is not so well <lefined. 

Antenna . — The second antenna is fairly long. The proximal joint is 
suWividiHl, though not very distinctly. The outer ramus is small, uni- 
articulate, expanded distally, and bears three spines. 

The distal joint of the antenna is expanded and bears three strong geni- 
culated setre, which are serrated on the hinder edge, distally to the 
geniculation. 

There are also three more slender seta* anterior to these. 

Mandible . — The maiidiblo is sim})le. The biting-edge consists of a shar[), 
somewhat curved blade, and about fourteen minut(' teeth arranged in a 
double row behind the blade. 

The palp is biarticulaie with the proximal joint slightly expanded. The 
distal joint bears four long seta* terminally, and a shorter one laterally. 

Manilla , — The fir^t maxilla consist'^ of a large terminal lobe bearing 
three strong, some\^hat curved spines. Anteriorly there arc three lobes. 
The first two arc a little shorter than the main lobe and each bears four setm. 
The third lies at the base of the most anterior of these two. It is minute 
and boars two setjc, one long, the other short. 

%hI Maydla , — The second maxilla ends tlistally in two lobes, each bearing 
a stout curved s 2 )ine and a slender seta. There is also a single seta 
anteriorly. 

MaxiUiped . — The maxilli])ed or first thoracic appendage is biarticulato and 
ends in a stout recurvetl spine. TIk^ swollen distal joint is setose on its 
anterior edge, the whole forming a subchelate })rehonsile hand. 

1 d trne legs , — The first true legs or second thoracic appendages are biramous, 
each ramus consisting of three joints. Tlu^ endopodite is narrow and much 
longer than the exopodite, Imt its middle joint is short. 

The number of ])lumose seta? is reduced, there being only one on the* 
proximal joint, one (»u tho middle joint, and a spine and tw^o plumose seta? 
terminally on the distal joint. 

In tho exopodite there is only one plumose seta on tho inner side, instead 
of three as in tho second, third, and fourth legs. 

There are three terminal seta?, and four external spines, the last two of 
which are slightly plumose. 

Tho second, third, and fourth true legs only differ from each other in tin* 
relative length of the plumose setae and spines, and in the relative sizes of 
the endopodite and exopodite. The latter is largest in the third pair of legs, 
and the setae are longest in the fourth. 
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The fifth legs or sixth thoracic appendages are reduced in both sexes to 
expanded terminal and proximal joints. Those of the mule are less reduced, 
and more like those of the female than is usual in the family. 

In both sexes the distal joint bears six setae, the apical seta in the female 
being stout and remarkably long. 

In the male the internal expansion of the proximal joint bears three setse, 
and in the female five setae. There is an external seta on this joint in both 
sexes. 


Max. I. 



Nitocra. Nitocrameira, Afnetra, 

Fig. 1. 

Max. II. 



NUocra, Nitocrameira. Ameira, 

Fig. 2. 


Classification. 

Nitocrameira does not fall under any recognized genus, according to the 
generic characters given by Sars in his Monograph on the Crustacea of 
Norway. 

The two genera it approaches most nearly are Nitocra and Ameira^ 

In its general appearance it resembles the latter, owing to the smoothness 
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of its urosonie, but in a large number of other important characters its 
affinities are with Nitocrcu 

The simplest way of showing its resemblance to these genera, is by 
arranging the generic characters of the three genera in tabular form (see 
p. 92). 

With regard to the 1st maxillge of Nitocra and Ameiva^ Sars's figures do 
not help to make the description very clear. 

That of Nitocra is described as having the exopodal and epipodal lobes 
defined, and the accessory lobe wanting. 

Sars^s figures, as wdll be seen in text-figure 1, show three setiferoiis lobes 
in front of the Jaw-like terminal portion, as is also the ense in Nitocrameira. 

That of Ameira is described as having the oxopodal and epipodal lobules 
not defined and the accessory lobe pres(mt. 

The figure shows two setiferous lobes anterior to the jaw-like portion. 

The resemblance of the 2nd maxilla of Nitocrameim to that of Ameira is 
shown in the second fext-figure. 

LiFE-IllSTOUV. 

The life-history and habits of Nitocrameira are necessarily incompletely 
known, but a certain amount can be deduced from the specimens found. 

It is evident that reproduction takes place in the egg-casos. 

Tin* figure shown in fig. 3 (IM. 10) contained two females and one male. 
Each female has a brood of eggs, an<i also a brood of larva?. Numerous other 
cases were Found containing numbers of larvse with their parents. 

No stage was found between the older larva? shown in fig. 3 and half- 
grown adults. The inference is that the egg-case is left by the larvae wdien 
they have reached the stage of development shown in fig. 3. They then lead 
a free swimming existence until half or three-quarters grown, when they 
enter a fresh egg-case for their reproductive life. In cases that contained 
large miinbers of cojiepods, as for instance that with 29, the aperture wuis so 
small and the inmates so tightly packed, that it seems evident that they 
entered when very small. 

They might have been hatched in the same ogg-caso in which th(?y were 
found, but it is difficult to see where the food would come from. 

In ]>racticully all individuals the gut was well filled, the food probably 
consisting of embryo triclads. Generally the organic detritus present was so 
macerated as to b(‘ unrecognizable, but in one case the half-devoured remains 
of an embryo were certainly present. 

LlTERATUilE. 

Wheeler. — Journal of Morphology, ix. 1894, p. 167. 

Saks, G. 0. — An Account of the Crustacea of Norway. Vol. v. 
parts xvii. and xviii. p. 211 scq. 1907. 
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Tabulation of Generic ( 'liaraetors of : — 



Nitoera. 

Nitocvameua. 

Ameira, 

Body 

Slender, cylindric. 

Slender, somewhat compressed A. 
anteriorly. 

Slender, somewhat com- 
pressed anteriorly. 


Coarsely spinulose urosoino, 

Practically smooth urosome. A. 

Less spinulose than 
yttocra. 

Anal opercle. 

Denticulate at edge. 

Smooth. A. 

Smooth. 

Caudal rami. 

Short and covered with 
spinules. 

Short, almost smooth. A. 

Short, scarcely spiiiu- 
lose. 

Bostriui) ... 

Vary small, narrow, conical. 

Small, narrow, conical. N. 

Almost obsolete. 

Ant. 1 

Moderate size, 8*artictilate, 
densely fringed with setfli ; 

Moderate size, 8-articulate. 
densely fringed wnh bristles ; 

, Last two joints very 
small, not well de- 


last two joints not very 
reduced. 

]a.st two joints distinct. N. 

, lined. 

Ant. 11 

Outer ramus short, uniarti- 

Outer ramus short, uniarticu- 

i Outer ramus uniarticu- 


oulate, dilated distally. 

late, dilated distally. N. 

late and narrow. 

Mandible ... 

Palp biarticulate, basal joint 

Palp Inarticulate, basal joint 

Maud, palp more de- 


slightly dilated. 

slightly dilated. N. 

veloped, basal joint 
i dilated into a seti- 
ferous expansion. 

Maiilla T. ... 

Three lobes inside jaw-lihe j 

Three lobes inside jaw-like 

Two lobes inside jaw- 


portion. \ 

portion. N.' like portion. 

Maxilla 11. . 

i 

Two setiferous lobes inside I 

A single claw-bearing lobe, 

Only a single lobe (seti- 


terminal claw-bearing part. 

j 

inside claw-bearing' part. A. 

ferous) inside the ter- 
minal claw - bearing 
part. 

First pair of 

Bather strongly built, dis- . 

Somewhat more slender than 

Distinctly prebeusile, 

legs. 

tinctly prehensile. Inner ' 
ramus ,3-articulate, with | 
outer two joints more or I 
less bent on inner. 

i 

yitocra. Inner ramus much A. 
longer than outer, 3-artica- 
late, last joint as long as 
ilrst. 

but more slender than 
Nitocrn, Inner ramus 
much longer than 
outer and distinctly 
3-artioulate. 

Natatory 

Bather fully developed, witli i 

Wolj-doveloped ; both rami 3- 

Both rami well develo- 

legs. 

inner ramus of all die- • 
tinctly ^-articulate, And | 
not transformed in male. | 

articulate, inner not trans- 
formed in male. 

ped, 3-articulate, inner 
not tmiisroriued in 
male. 

Last pair .. 

i 

Distal joint compressed. 
lATge inner expansion of ' 
proximal joint fairly pro- 
duced. 

1 

Distal joint long and com- 
pressed. Inner expansion of 
proximal joint not much 
produced. 

Male much less reduced in 
comparison than either 
yitocra or Ameira, 

Small distal joint, more 
or less contracted dis- 
tally. Inner expan- 
sion of proximal joint 
not much produced. 


Letter N denotes resemblance to Nitocra. 
Letter A denotes resemblance to Ameira, 
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SUMMAHY. 

Nitocrameira bdeJhtvfr^ iiov. gon. <»i sp., from ogg-cases of Bdellura 
prophujua^y^hinAor ; ami less frequently tliosf^ of Bdellura eamlida, Girard. 


Harp a c t i c o i p k a, family ( 1 A n t H o c a M pt j p 
Genus Nitocrameira. 

Bodi/. Long, smootli, almost cylindrical, soim^wliat comj)ressed anteriorly. 
Rostrum small ; caudal rami short. 

Ant. /. 8-jointed, setose* anteriorly, last two joints well-defined. 3-jointed 
lesthetasc on s<»gment 4. Feunale* antenme bemt at 3rd joint. Male 
4tli and 5tli joints fused ; whole forming a strong clasping organ. 

//. Basal joint sub-divid(*d ; outer ramus uniarticulab* and much 
r(*duced. 

MandUde. One e,utting-l)lade and crown of short teeth. Palp biarticulate, 
proximal joint slightly (*xpan(h*d. Distal joint only, bears seta\ 

MihriUa /. Expand(*d jaw-like portion bearing three spines and two almost 
<‘((ual lob(*s and a third v<'ry minute setose* on(‘ ant(*riorly. 

Miunlla //. Two lob(*s with stout terminal spines. 

MaxilUped. Subchelah* pr(‘hensile hand. 

'rhoraeie lefjs. Kndopodih^ and exopodite thre<*-joint<*d, except last which is 
reduc(*d. 

First pair ])r(*h('nsih*, last ])air much reduced, but more* similar in 
male and female than is usual in the family. 

In some generic charact(*rs resembles JUtovra, in oth(?rs Ameira. 


EXPLANATION OF THE PLATES. 

Plate 10. 

Fiu’. 1. y it ocr ameira f female, lateral view. Partly diajrramniatic as the appendages of the 
right side only are shown. 

2. View of last thoracic and first abdominal segments of male, showing last thoracic 

limbs, rudimentary abdominal appendages, and spermatophore. 

3. Egg-case of Bdellura propinqua containing one male and two female yitocrameira. 

Each of the females has a brood of developing eggs, and two stages of larvae ar 
shown, six of each stage. 

4. Young Nauplius larva about -09 mm. long. This was the commonest larval stage 

that occurred. 

/). Fii'st antenna of female. 

6. First antenna of male. 
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Platk 11. 

Fig. 7. Second antenna of male. 

8. Mandible. The anterior side is to the right, 
0. 1st maxilla. ,, ,, .. 

10. 2nd maxilla. „ „ ,, 

11. Maxillipt'd. The anterior side is to the right. 

12. First thoracic swimming leg. 

13. Second „ ., „ 

14. Third 

15. Fourth „ „ „ 

16. Fifth or reduced leg, male. 

17. Fifth or reduced leg, female. 
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Some Annelids of tlie Thames Valley. 

By the Hev. Hildekic Fkiend, F.L.S., F.R.M.S. 

(With Text- figures.) 

[Head 21st December, 1911.] 

I AM anxious at the outset to oujird against the idea that the Thames Valh‘y, 
any more than other parts of England, has been exhaustively worked. We 
are familiar with a goodly numljor of worms, particularly those belonging to 
the two familio.s known as the Lnmbricuhe and the Tiibifichhe. We know 
something tilso of tlie Naidida 3 , but of the large and important family of the 
Enchytraddaj we are still in almost absolute ignorance, in spite of the fact 
that some .*$(1 sjieeies of the genus Frhlevicla alone arc already recorded as 
British. 

I have chosen the Valley of the Thames, rather than the river itself, as my 
field, because I am thereby enabled to draw’ attention to the excellent work 
done by those able pioneer.'^ who have pre[»arcd the way for my own more 
recent reseandie.s. The greasy, fietid ooze of our great river does not present 
a very attractive hunting-ground for the naturalist : yet the treasures it 
contains will ain{)Iy rewaird the worker who has the courage to ignore its evil 
odours, or to risk the covering of his hoots wdth a most disagreeable slime. 

Although tlie Thames Valley has as yet been but jiartially worked, there 
is perhaps no section of the country which has received so much attention 
in relation to the Oligocluets. It is a jdeasure, therefore, in the first placo 
to give 

A BRIEF iriSTOHKJAL SURVEY. 

I do not pret<*nd to have looked np every detail, hut have endeavoured to 
do ju^tloe t<j all who have done anything to further our knowledge of the 
subject since the days wdion the study of terrestrial and freslnvater annelids 
became a scientific pursuit. The honour of being first in the field in this 
connexion undoubtedly belongs to Sir E. Ray Lankester. Not less than forty 
years ago (1) he recorded the discovery of s’ Vejdovsky, 

in brackish water at Barking. The worm btill exists in the same locality, 
and will be considered again at a later point. In June lt:>98 Dr. Beuliam 
wrote (2) that, so far as he was aware, the specieshad not been recorded agiiin 
till he found it in the mud amongst the roots of reeds in the (/hcrwell. 

In the eighties at least three workers were adding to our knowledge of the 
subject. Oerley (3), a most careful and advanced Hungarian student, was 
working in England at this time, and among other discoveries found 
Octolasinm plaUfKrum^ Fitz., at Cambridge, and 0. rvhithfnu Oerley, at 
Woolwich. These records have not since been confirmed, but Oerley 1ms 
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thoroughly impressed me with his accuracy and conscientiousness that I am 
«till hoping to rcdiscovc'r the species named. While he was working with 
the larger earthworms, Bourne (4) and Bousfield (6) were rendering splendid 
service by their researches among the Naididje. ]t is enough at this point to 
refer to the Journal of this Society (Zoology, vols. xix.-xx,) for evidence 
of the careful and valuable work of Dr. Bousfield. The next important 
•contribution to our subject came from the p(m of Dr. Benham (2), and it 
may perhaps said that he did for the Tuhificida^ what Bousfield and 
Bourne had done for the Nai'didse. His “Notes on some Aquatic Oligochaeta 
for the first time opened up the great and important fiehl of research 
presimted by the large and interesting group of worms of which Tuhlfej* is 
tlic type'. While some of his material came from the mouth of the Thames, 
being supplietl by Mr. W^. H. Shrubsolc of She(*rness, other specie^ Avere 
found in the neighbourhood of Oxford, which forms the limit of our field 
inland. 

Of Beddard (6) it must suffice to say that his splendiil ‘Monograph of the 
Order Oligoolneta * was an epoch-making book, and gave so great a stimulus 
to research that if it w<M*e brought up to date it would have to record many 
hundreds of new species. He is undoubtedly the liighest authority this 
country has over produced on tlie subjc'ct of Oligocluets. 

My own researches into this order began in 1890. During that year I 
found some annelids in London which had not previously been recorded, and 
by the aid of some indefatigable collectoi> was able to do a good deal of 
w^ork among the Lumbricithe and Enchytneidse (7). I must specially 
mention Mr. George Day, F.R.M.S., and Mr. William Allen of Plaistow. 
During the past twenty years 1 have worked at Oxford, Marlow, Kew, the 
suburbs of London, and Sheeriiess, and have had the kind assistance of 
Mr. ('‘has. S. Totld, of Tottenham, and others, to whom my thanks are due 
for help. Aided by a Government Grant for these researches I have, 
•daring the past year (1911), paid a special visit to the Thames Valley, and 
am able us a result to add a number of si)ecies to our former lists, some 
of wdiich are new to science. We may now^ pass to a systematic stiuly of 
the species which are found in the district und(*r revif'w, and for convenience' 
of reference it may bo elesirable to follow the order adopted by Beddard, and 
still more recently by Michaelse'ii ( 8 ). 


SYSTEMATIC SURVEY". 

Family iEoLosoM atid 

Micliaelscn places in this family one certain and one doubtful genus. To 
tlie genus ^fJolosoma he allots seven species, and no new species has boon 
added to the six which are on record for Great Britain. These annelids are 
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all of small sizo, ami are found in fresh-water in almost every part of the 
globe. There are usually no internal septa to mark the segments, which can, 
however, easily be numbered by aid of the sebe. These are in four bundles 
of one to six, chiefly capilliform. Tlie girdle appears in tlie adult on the 
under surface of segments 5-7, and the spennathecm, which number 1-3 
j)airs in segments 3-5, are Minple, being destitute of diverticula. The 
prostomium is large in projmrtion to the size of the worm, and is ciliated on 
the vcmtral surface. The worm can be iwopagated asexually, by a proc^ess of 
division without the formation of a budding zone such as one sees continually 
in the Naididre. 

1. jl^iOLosoMA HEADLEYI, Beihlavd, (Monograph, p. 18(5.) 

Seta* entirely capilliform. Integiimental globules bright green, occasionally 
verging towards blue. Found in a tank at the Zoological Gardcms, London. 

2. JhloLosoMA HEMrKK’Hii, Ekviniherij, (Syinb. Phys. 1831.) For 
synonymy see Beddard, * Monograph,’ ]>. 183, uml ‘ Das Tierreicli,^ x. ji. 14 ; 
Lankester in Trans. Ijiim. Sor. vol. xx\i. 18(57, j>, (541, 

Family N a i did je . 

This is a very larg(* family, to wbieli many additions liave been made 
siiiee the publication of Beddard’s ^ Monograph ^ and of ‘Das Tierreich/ 
Unfortunately the British species have received little atbmtion since the days 
of Bousfield and Bourne, but I have been able during the past year to add 
somewhat to our knowledge of the indigenous species. The sebe are some- 
times wanting in the anterior segments either entirely or from tlie dorsum, 
and are of various kinds. Home of the species have rudimentary eyes, and 
asexual as well as sexual reproduction occurs. Tlie sexual organs are 
situated as far forward as the fifth segment. Occasionally the nephridia tail, 
but usually they are large for the size of the worm. These annelids form 
beautiful objects for the microscope. Following Micliaclsen our first genus 
is ParanaisB 

1. Pauanais NAiDiXA, Bvetaclier. (Kevue Suisse de Zool. 181)(5, vol. ii. 
p. 508 ; 1899, vol. vi. j). 393 ; Das Tierrcich, x. ]>. 18.) 

Unknown in England till August last, when 1 found it in the Thames at 
Kew. Byes may be present or absent. The first segnlDiit is very narrow, 
and the dorsal setse commence on the second. There are five or six setse in 
each set from segments 2 to 5. The brain is deejily notched behind. 

, The worm is about 8 mm. in length, and in August was undergoing asexual 
reproduction, some 20 segments going to the perfect worm. Found by 
Brctftcher (10) in Switzerland (Zurich). 
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2. Paranais TJTORALIS (0. 1\ MilU.) Czern. (ZooL Dan. 1788 ; 
syn. Uncinais, Boddard, Monograph, p. 295.) 

Has a blunt prostoiniuni. Seta? vary in length and thickness. The subject 
of some interesting notes by Benham and Bourne. The worm was received 
by the former, along with other aquatic annelids, from Sheorness : Benham 
(2), p. 187. 

3. Ch^:touaster diastropiu's, Gntith.^ Benham (2), p. 212 ; near Oxford. 

4. CiiiETOCJ ASTER DIAPHANIJS, Gruitlu (The synonyiiiy is given by 
Beddard and Michaelsen.) 

Southern ( 9 ) marks its occurrence in England and Scotland with a query, 
but I have rectjutly been able to demonstrate its indigenous character beyond 
doubt, since it occurs {)lentifully in the ncigbourhood of my homo. 

5. (Jh^tooaster CRYSTALLiNUS, Vejd. (C/\ Lankester, Trans, Linn. Soc. 
xxvi. (1869) p. 641.) 

For the various species of J^ai^t and Dero it suffices to refer to Bousfiehl 
and Bourne. I have, however, to add one species to the list, and as I can 
find notliing exactly corresponding with it in the various authoritic'i, it must 
for the present be held to be new to science. 

6. Dero ore aria, sp. n. 

Forked setse beginning in 2nd segment ventrally ; 4-5 per bundle, slender, 
as long as half the diameter of the body ; the upper tooth larger thart the 
lower, and the node in the middle, or approacliing the first (inner) third. 
The dorsal seta? begin in segment 6; each bundle consisting of one capilli- 
form and one forked setii. There are three forked setee of equal length in the 
ventral bundles posteriorly, but the seta? in the anterior ventral bundles vary 
slightly and progressively in length, the dorsad being longer than the ventrad. 
The forked setse of the dorsal bundles are more slender and straight than 
these found in the venlral sets, and the teeth are small. Length of entire 
worm 8-10 mm. 

The ohloragogen cells, which are black, l)egin in segment 6 along with the 
capilliforin setse. At rest the prostomiuin equals the individual setigerous 
segments in length, and is 3-4 times as long as the peristomium, or first 
segment, which carries no seta" and is exceedingly small. No taste-hairs or 
papillae are present. The segments number 40; there was no sprouting 
zone or bud, nor was a girdle developed. Eyes are wanting. 

The living worm is exceedingly active, swdmming freely in water, but 
breaking up almost as soon as it is placed on the microscopic slip, even if not 
subjected to pressure. This makes it difficult to work out the details. I believe 
it has the gills which distinguish J)eTo from Nats ; and a special character is 



SOME ANNELIDS OF THE THAMES VALLEY. 


99 


the large number of clear oil globules, which after 15 hours in glycerine 
remained unaffected. Hence the specific name. The first six segments 
remained intact when all the rest of the worm broke up at the septa into 
five and thirty pieces. Se[>tii are wanting in this cephalized portion. 

One specimen collected at Kew in August, and kept with other annelids 
till December 8th, 1911, when it was examined. It closely resembles 
D, sfuhlmattni, Stieren, reported from the Victoria Nyanza ; but the African 
worm is only 2 mm. in length and has but 18 segments (Michaelsen, 
* Das Tierreich,^ x. p. 29). 

7. Stylaiua lacustkis (Linn.) Johnst. is one of our coininoiiest worms. 

8. Pristina EguiSKTA, liourne. Botanical Gardens, HogonPs Park, 
liondon. 


Family L i* m B R i c i: l i d .e. 

Aquatic worms of much largm* size than the -tEolosomatidie and Naididse. 
The types {Lnmhrienlna raripi/atux^ 0. F. Miill.) often attains a length of 80 mm. 
and may have 200 or more segments. Tlie sigmoid seta? are in pairs, and 
the fiHio extremity is sometimes forked. AVith the exception of /Stf/lodrilus 
(and liiphoita *i) there ar(‘, in this family, blind contractile appendages to the 
blood-vessels. Those are well seen in Lumhnetflus raneyatus^ and give to 
the animal a very beautiful appearance. There are no penial seta\ Only 
two of tlie genera are at present known in the Thames A^alley. 

1. LrMRHicrLrs varieijatus, A^erm. terr. 1774. 

Body usually dark green in front. Posteriorly tliere are G-8 ciccal 
appendages to the dorsal vessel in each segment. Very rarclj'^ found in the 
adult condition. Tho worm often divides into two or more portions wdien 
handled or under examination. One of the commonest species of freshwater 
annelids in England, it occurs in almost every pond, ditcli, and stream in the 
district among water-weeds. A^'et I sought it in vain at Sutton Broad in 
August. 

(lUi/nchelmis. Beddard says, ‘ Monograph,’ pp. 215-lG “ I have seen a 

specimen from some part of England, but cannot give any details. There is 
every probability that it is a native of the country. I believe this specimen 
to be in the Oxford Museum.’’ So far as I can recall, Bonham, who worked 
at Oxford, makes no allusion thereto, nor have 1 been able on the occasion of 
my visits to obtain specimens or information.) 

The genus Stylodrilu s comisU of worms which are marked by the possession 
of a pair of penes on the tenth segment which are not retractile but remain 
as external appendages, perforated by the sperm-ducts. The seta; are bifid, 
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but in some cases the forks can be seen only with fairly high powers of the 
microscope. A pair of sperinathecse is found in segment 9, and the girdle 
usually extends over 9, 10, and 11. 

2. Stylodrilus vejdovskyi, Benham. (Quart, Journ. Micr. 8c. vol. xxxiii. 
181)1, p. 209.) 

Twenty-five niin., more or less, in length, with ])enes a little more than 
half the diameter of the body. First discovered in the Hiver (jherwcdl, it has 
since been found by me in many parts of England, but more frequently in 
the North and Midlamls than in tlu‘ South. It is interesting to see the 
locality Goring-on-Thames in ‘ Das Tierreich,^ x. p. (III. For details we 
must refer to the original pai>er by Benham as above. 


Family T r b i F i c i n .e. 

This large and interesting, hut perplexing family has been the subject of 
very special and painstaking investigation during the j)ast year ; and though 
I have not yet hy any means worked out all the probI<Mus connected there- 
with, I have at least reduced some of the chaos to order. I had the honour, 
on December 2()th, 1911, of presenting to the Iloyal Microsc*opica! Society 
some of the results of this enquiry, and may be permitted to refer those who 
arc interested in our fresh-water Annelids to that Memoir for such details as 
may not be given herewith (llj. An old record informs as that specimens 
of Saetiuris tuhifex^ or some other “Small red Water-worms (are) found 
plentifully in the mud of the river Thames^’ (Johnston, ‘Oatalogiie of 
British Worms, ^ ]). 64). Such worms ahoiuid everywhere in the Thames, 
and it is impossible as yet to say to how many species or genera tliey belong. 
Perhaps the first reliable record is the following : — 

1. PsAMMOR votes RARRATrs {Gruhe) Vejd. {^Tuhifex innbelll/er, Lan- 
kestor, Quart. Journ. Micr, 8c. xi, 1871, p. 181 ; Ann. & Mag. N. Hist, 
ser. TV. vii. 1871, lu 92.) 

' Found at Barking, then, as now, in brackish water. 8ee Benham (2) p, 208, 
where will be found a useful note, especially in relation to the setae. 

As I do not follow Michaelseii in placing IleterochaHa and other genera 
under Pmminorj/ctes, this is the only species of the genus to be recorded for 
the Thames Valley at present. The species, however, is not limited to 
brackish wat(M’, as Benham found it in our district among the roots of reeds 
in the Cherwcll, and I have taken it at Stratford-on-Avon and elsewhere, 

2. Hkterooh.eta costata, Clap. 

The anatomy and histology 'Of this sj^ecies (Benham (3), p. 188 seq.) form 
what one may call th^ first classical study of British Tubificidae. Specimens 
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were roceivod by Dr. Bonham from Mr. W. H. Shrubsole, of Rheemess, in 
the spring of 181U. Rinee then I have re]>eateilly studied it from different 
localities between the Nore and the Toww Bridge*. I take this opportunity 
of expressing my great indebtedness to Mr. (Jhas. S. Todd, of Tottenham, for 
valuable consignments from many localities, containing a large proportion of 
the s])ecies recorded in this connection. 

3. Hemitvistfex hexedeni {(Jdek). (Recorded by Benhaiu \vitli the fore- 
going as //. ater.') 

Found in dark, evil-.>melling, decaying organic detritus at Sheernoss, and 
thence to the (*ity. Beceived from Mr. Toi)j)S-King, of (liatluim, quite 
recently. 

4. SeiROSeEItMA FKIOtX, AV.sv;/. 

Benham says (2, p. 207): "‘I have found specimens in the Thames and in 
the Ohcrwell.^^ 

T). Clitkllio AitEXAiaus {0. f\ MnIL) Sar. 

Benham (2, p. from Rheemess. 

0. BttAXC’HicaA sow F.mvu . /Milan/. 

Regent's Park and Kew Oartlens : still abundant, with other interesting 
aquatic annelids, some of which will be named b(dow\ For a recent study of 
this w’orm referenee may be made to the ])aj)er of Dr. J. Stephenson, 
presented to the Royal R<»ciety of Edinburgh, December 4, 1011. 

AVe eome now to more recent studies, whieh not only confirm the foregoing 
records, but greatly extend our knowledge of the Thames Valley Tubificida*. 

7. MoNorYLKCjioRrs faiivus, ]>itlenten (1904: Zeit. wdssen. Zool. Bd. 77, 
l>p. figs. 25 k 2fiJ. 

As there can be no doubt about the identity, I transcribe my owm notes. 
“Thames at Kew', Lily pond in Kew^ Gardens : collected August 2t), 1911. 
Tower Bridge: collected hy Mr. Todd, Rept. ami Dee., 1911. A tiny 
worm fi-lO inm, in length ; very slender : sogmi'iits fi5. Straw-coloured or 
yellow-brown. Head somewdiat pointed wdieri in motion, front segments witli 
narrower and wdder annnlus. Chloragogen cells begin in segment 5. Seta* 
usually three in front, four in a few instances, declining to two and one 
posteriorly. Nephridia wdth small aiiteseptal without covering cells ; post- 
septal very large. Dorsal vessel with heart-like enhirgenients, ranging in 
some instances from the fifth to the ninth segment. Brain with a lobe at each 
of the posterior corners and strong anterior processes. Rperm-funnel about, 
twice as long as broad ; ducts with peritoneal cells. Twro sets of three setie 
only on segment 11, with an unpaired male pore between. This refers it 
to Monopylep/iorus. The seta? here do not differ from those of the oth(‘r 
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segmonts. No penial sotso present ; no penis present.” A further note is 
lidded, “ Posterior sete with upper tooth smaller than the lower : the node at 
the outer third.” I have material still under observation in the hope of 
finding speeiincns in the adult condition. In iny judgment Verifiiiculus 
{Groodrich) and Bothrioneuron (Stole— Bothrioneurum as corrected by Michael- 
sen) are synonyms of Monopylephorus. 

The genus Limnodrihts has, perhaps more than any other, grown under my 
investigations. 1 have not only to record the occurrence of the species which 
have Jong been known to science, but venture to submit some new descriptions. 

8. LiMNODRILITS HOFFMEISTERT, Clajy. 

The most widely distribuied species in the genus. Found almost every- 
where in the Thames Valley where mud can be obtained perennially. 

[Since I began the preparation of this paper I have had further oppor- 
tunities of studying this ubiquitous sjiecies. I find that the Thames 
specimens taken at the Tower Bridge and elsewhere show one or two strongly 
marked varieties as well as what might be called the tyjiical form. 1 am now 
engaged in studying the earlier authoriti(‘S with a view to detcrinining which 
is the type and which the variety. Meanwhile, to avoid confusion, anti to 
aid in the clearing up of difficulties. J have defined one variety in my account 
of the British Tubificidaj, and named it A, var. tpHeUuhsJ] 

9. Limnodrilits xtdekemiaxus, Clap. 

Almost as ubiquitous as the last (Mem. de la Soc. de Phys. de Goneve, 
xvi (18(;2) p. 243). 

10. Limnodrilus claparediaxus, /iatzel, Zeit. wiss. Zool, 1868, p. 590. 

Seems not to have been found till the jiresent year. Taken at Kew’, 

August 1911. I think it may have been confused at times with one of the 
other species of Lunnodrilus. 

In view of the conflicting statements of the authorities respecting the 
length of the penis-sheath in the above three species I am subjecting them to 
careful'* measurement. DiflFerences certainly appear to occur ; but when we 
have eliminated the errors which are duo to inaccurate observation and 
confusion of species, these differences will either disappear or be reducible to 
a trustworthy term. 

11. LimnodrilUvS loxgus, Bretsclier. (Revue Suisse de Zool. vol. ix. (1909) 
pp. 204-5, figs. 2 & 3.) 

The original description is very brief : “ Intestine begins in segment 5. 
Seta? in front bundles 5. Penis-sheath straight or slightly bent, over twenty 
times longer than broad ; reaching through segments 10-12.” The note 
which follows adds nothing to these facts. Southern ( 9 , p. 136) says that “ in 
the Irish specimens the length of the penis-sheath was 21 times the breadth. 
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Bretscher gives 20 to 1 as the proportion.’^ (This is not exactly true, for 
liretscher says Penisscheidf* .... iiher 20-inal langer als breit^^). “The 
sheath has a. broad and shallow funneUliko expansion at the distal end. 
The anterior nephridia are enveloped in bladder-liko cells. The length is 
20-2.5 inm., and there are 4-7 seta* in the anterior bundles.^’ 

My own notes are as follows: — “ L. lonrtvs^ Bret. In innd from Tottenham : 
collected by Mr. i \ Todd, September 1911. Length 1 inch ( = 20-25 mm.). 


Fig. 1. 




S peimallieoa of («) Limnoilnlus (h) L, y a fvritmi and (c) Z. aui'antiacus. 

Segments about 90. Head small. Seta? 4-6, 7 in the front segmen+s, the* 
teeth about equal, slender, not coarse like those of 7v. vdekemiamis ami 
L. papillosvs ; dwindling behind to 3 and 2, with teeth rather wider apart. 
Chloragogen cells (= intestine) beginning in segment 5. Penis-sheath rm/ 
long ; duct the longest I have yet observe<l, with large pyriform prostate and 
atrium. Spermatheca? somewhat j)ear-shapcd, narrowing gradually (fig. 1 a) 
into a short duct. Brain somewhat concave in front with convex sides. 
Not deeply lobed.^^ 

LINN. JOITUN. — ZOOLOGY, VOL. XXXII. 10 
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Tho next four spocieSf new to science, are based on specimens collected by 
myself or Mr. Todd in and around London in August and September of the 
present year (1911). It may he thought by some that the absence of a penis- 
sheath would justify the creation of a new genus, but I do not myself regard 
such action as necessary, especially as that organ may yet be discovered *. 

I have at present two species which are not known to possess that organ. 
The first is — 

12. LiMNODRILUS VAVTLLOSITS, sp. 11. 

Yixst collected at Kew, August 2ftth, 1911; since obtained from the 
Thames near Loudon, and various localities in Sussex, Nottinghamshire, and 
Lerhyshire. The specimens from Sussex differ from the type, but being out 
of our present district are unnoticed. The Kew notes are as follows : — 
‘‘Lengtli from 1-2 inches, nearly 1 mm. in diameter in front, with 180 
segments. Sete, 5-7 in front, 3-4 in middle and 2 in posterior segments. 
Brownish red, with fleshy head and yellowish tail, gradually tajiering from 
the thickest part. Head short, rounded. Large hearts in 8-9. Sperma- 
thecse present, but no ponis-sheatli. (Uiloragogen cells begin in 5 or C, large, 
dark, circular, when set free.*' The Kew specimens are the largest I have 
seen, and differ somewhat from the others in colour, and some minor details. 
I attribute this to the fact that the Kew specimens have been introduced, and 
life is higher : the specimens found in Derbyshire being located in stiff loamy 
soil, and showing a tough, papillose integument of a yellowisli hue, often 
approaching a dirty orange. Again, my notes respecting a typical spegfrnen 
found in tbe Midlands are as follows ; — Length 25-30 inm., 90-120 seg- 
ments. SetSB usually five in front bundles, upper tooth much larger than 
lower. Pharynx in 2-3 ; ventral setae wanting on segment 11. Sperina- 
tbecaa in 10, a simple sac ; no spermaiophores seen ; striate, not cellular or 
glandular. Nephridia large ; two pairs in front of girdle in (1/7, 7/8, then in 
13 and the following. The vascular system in front .segments not complex.^^ 

Thus it will be seen that this species differs in many ways from the earlier 
forms. The absence of penis-sheath, the presence all over the body of 
papillae, tbe shape of the nephridia, and the vascular system all differentiate 
it from L. vdekemiauus, which it resembles chiefly in the shape and size of 
the setae. 

13. LiMNOPBILUS QALEBITUS, Sp 

Chloragogen cells begin in ^ ' ^-.7 aid 

usually three in middle ^ ' ban lower. 


in anterior bundles. very mg. 

Sperrnathecao w:!..s. ^ viornal opening 


* Pointner (12) has created the Isochteta for t}iese species. — 11. P., May 25, 1912. 
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1 /O* Penis-sheatli lonfs;, intormediate l)0.twcM5n L, hoffmeisteri and 
fj, ionffua ; nearly straight, slender, witli trumpet- shaped extremity. Set*e 
one-sixth the length of the pcmis-shcath. 

From the River Lea, Tottenham. (Collected >)y Mr. V. Todd, September 
1911, in company with the next. 

14. lilMNODIULLS TUlsETosrS, Sp. n. 

A small, temler worm, of 40 segments or more. Length about 10 ram. 
Front segments hiannulate. Seta' three throughout. This is a verj miusua] 
arrang<unent in fhi< genus, >eeing that the rule is for the number to decrease 
behind the girdle. No ventral setae near the male j>ores^ dorsal sete present 
on girdle-segm(»nts. Lower tooth somewhat larger than the upper. Pharynx 
reaches to end of segment .‘5 ; (diloragogen cells begin in 5, and from the 
girdle liackwards orange and black cells are intermixed, as in L. aurantu 
anfSj Fr. Nepliridia very large in middle segments. Brain slightly concave 
behind. Spermathecfe pear-shaped, without distinct duct. No sperrnato- 
})hores at pi*esent seen. No j)cnis-sheatb, but a widening of the duct near 
the male a[ierture. Nerve ganglia in front segments with extensions as in 
L. iiervosH,% Friend. 

Hiver Lea, Tottenham, Septeinl)er 1911. 

IT). IjIMNOdrili's AriiANTiAcrs, Fnend. (‘The Naturalist,' 1931, p, 414.) 

Lengtli r)-S niin. and upwards; GO segments ; brilliant orange-coloured 
cells in segments 8-20 or thereabouts. Seta? usually five in segments 2-8, 
ami ihrce behind ; varying in size. Penis-sheath slightly hent^ about tiurfeeii 
times longer than broad. Brain roundish with slight concavity \)eh\nd. 
Pharynx reaches to posterior end of segment 4. Spennathecio (fig. 1 c) with 
narrow neck nearly midway between ampulla and duct. Nephridia of tail 
with very tiny anteseptal, 

Kew (rardens, August 28, 1911. Since found in many other localities 
around London and in the country. 


The genus llyodrilns as defined by Bisen and StolS needs revision in the 
light of my recent discoveries around London and elsewhere. Hitherto^ no 
one has been able definitely to prove the presence of this genus in England, 
although Benhau^ ’ - • > Miggestcd that Lankester probably had some 

species of IJyodnh ' ” ''vnuiuation when he referred to the membrane 


found stretched a 
abundantly confirintni by my < 
at points not far r'‘»utve<l fro/ 
Lankc'ster's spocinv 
[Journ. H. Micr. S« 


'1 »•'> 


-ome of the sete. This suspicion is 
'^pecies of Jlyodrilus in the Thames, 
' ' Icntical with, those from which 
! . , .-lady of the British Tubifieida 3 
J ! - JGS] T have named five species 

10 " 
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of llyodnlns^ all new to Britain, and two now to science. Of these, threo 
species are at present known to occur in the Thames Valley, and there 
is every reason to believe that the number will shortly be considerably 
increased. 

[i\W added May 1912, {u jdave of fnrthei* de^'^riuyflons. 

The recent researches of Bretscher, Bignet, Ditlevsoii, Pointner, and others 
have resulted in so jrreat an extension of onr knowledf^e of tlie Tubifici<la?, 
and at the sairie time have revealed so confused a condition, that it is deemed 
advisable to withhold the descriptions of these s{>ecies of Jlf/odellfts and 
J'vhifex till greater certainty prevails rosp(‘cting their definition. 

The Enchytra^ida* and Lninbricida* also reniain to he deserihed.] 
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TIk' O orrelation of 8onuitic ( 'hjiractors aud Chromatin KoJ-Lengths, being 
a Further Study of Cliromosonic Dimensions. By C. F. U. Meek, 
M.Sc., F.L.K., F.Z.S. 

(With o T«‘At«ti£rmtis.) 

[Jiead :20tli June, 191 2. J 


iNTKOmTTTON. 

In a r<ioeiif. juijier ^ (Icsjiling with chromosome dimonsioiis in iium(irou.s 
organisms, I lijivc shown that throughout tli(‘ animal kingdom lengths of 
cum[)onent rods appear to constitute members of a general series in arith- 
metical progression, wdiercas onl}^ thrc(‘ diameters exist, viz. *21 fi in 
Protozoa, and ‘*12 and in low and higher Metazoa respect ivelv^. 

t Consideration ot tlie n^sults given has, moreover, l(‘d to tlie enunciation of 
an hypothe.sis \\hi(*h postulates a series of cycles in the course of ])hylog(‘ny. 
It is >iiggest(‘d that tlui oiiromatin granules of the simplest Protozoa have 
heen converted into rods hy }>uroly lim^ar giwvth, accompanying c»volutionary 
d(*v<*lopm(‘nt and increasing somatic complexity, and, since the rate of this 
growth cannot have la^en tlie same in all chromosomes, rods of various lengths 
have heen evolved ; examples of such complexes can be seen in CiViuta and 
other highly difl<*r(mtiated Protozoa. A stage in phylogeny w as later reached 
w'luMi a nuiximum rod-length had been attained, such limit having heen 
im|)osed h}’^ spindle* nu'clianism or other physical conditions ; wdieii this 
occurred chromatin units conjugated in fours, and the normal thread-width 
was thus doubled. The ehromosome.s, reduced in numlier, then segmrmted 
transversely into numerous sjdieres of the n(*\v diameter, and the process, 
which ajiproxiinately r<*-estal)li.sJied the nnmhor ol’ chromo.'^omes ])n*viously 
stMUi, enabled them to (‘nt(T a Iresh course* of linear growth accompanying 
lurtlier evolutionary development. In this manner the complexes of low 
M(‘tazoa may have <*volved from those* ol Pre>tozoan ancestors. 

\\ he*n the le*ngth-Iimit e)f ejhromeisoines was again reaclie'd, conjugation of 
iiuitft eince more occurred, and this w’^as followed as he*lor(* hy segmentation 
into spheres ed the* ne*w’ diameter ; the* last named having heen thus doubled, 
became identical with that iiow^ found in organihjns belonging to phyla above 
and including Nemathelminthia. Thus the chromatin thre*ad- width of the 
high Metazoa may have evolve*d from that of the lower. 

lliis hy]K)thesis see*ms to accord with jihenomeiia, for I have* been able to 
tiiid in the* animal kingdom examples that apparently represent stages of 

* " A Metrical Anal^^sis of Chromosome Complexes,” Phil. Trans. Eov. Soc. ser 33, 
vol. 203, 1912. 
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transition to a greater thread-width : it is, however, iinpossihle to prove this 
phylogenetic cycle with the meagre data at present available. If it is 
eventually established, we must realize that an attempt to correlate somatic 
characters and inelividual cliroinosonies must fail the moment that we consider 
any but the most closely allied organisms : at definite periods a complete 
rearrangement of units has occurred, and, since the subsequent rate of growth 
must have varied in different chromosomes under different conditions of 
environment, we have no reason for assuming correspondence between rods 
of the same length found in the germ-cells of widedy separated organisms. 
Within the limits of a genus, how'over, it may be possible to trace somatic 
differences to differences in chromatin growth, for closely allied animals must 
have developed along the same or parallel lines, and we may therefore bo able 
to identify corresponding chromosomes in their res})ective complexes. In the 
paper already referred to 1 have given camc‘ra lucida draw ings of chromosome 
rods composing the complexes of several species of Stmohotltrtrs^ and have 
shown that the latter can be individually distinguished by the presence or 
absence of certain rod-lengths ; 1 now propose to deal with another species 
of this genus in order to show that this phenomenon is probably common to 
all its members. Moreover, the comparative study of allied species may 
enable us to establish some correlation w^ith respect to length of chromosomes 
and somatic characters. 


Material and Methods. 

StfiiolfotJmts vurtipeunu^ which belongs to the tribe Tryxalidic and the 
family Acridiida^, is not found in the British Isles, and I am indebted for 
the material to the kindness of Prof. H. S. Davis, who sent me testes fixed in 
Hermann’s solution and embedded in paraffin, from the University of Florida, 
Gainesville, U.S.A. The sections were cut 8 thick and stained with 
Heidonhain’s iron ha3matoxylin, the mordant used being an aqueous solution 
of iron alum. The preparations w ere studied by means of a Zeiss apoeliro- 
inatic oil-immersion objective of 2 mm. focus and N.A. 1’30, in conjunction 
with compensating oculars nos. C, 12, and 18 : T have used throughout the 
holoscopic oil-immersion substage condenser made by Messrs. Watson, of 
High Holborn, London. 

All drawings were made with the aid of ii large Abbe camera lucida at a 
magnification of three thousand and forty-eight diameters, the magnification 
being estimated by means of a stage-micrometer graduated to read one- 
bundredth of a millimetre. When necessary, resolution was facilitated by 
interposing a Gifford screen. 

In order to avoid error due to foreshortening, drawings have been made 
only of chromosomes that lay at right angles to the microscopic line of vision 
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throughout their entire length, und errors in draughtsmanship have been 
minimised by drawing each individual chromosome many times; the 
measurements given should therefore represent the true dimensions with as 
great accuracy as can be obtaiiRul with the means now at our disposal. 


Spermatogenesis. 

The tost(is are two ovoid bodies lying in the middle of the abdomen 
dorsally to the alimentary canal ; they are composed of tubular follicles 
tapering towards the ends and divided into numerous tracts and cysts. The 
iwimary and secondary spermatogonia lie at the extreme anterior end of each 
follicle, and next to thcs<‘ are large areas occupied by cells undergoing the 
growth-poriod ; no resting stage occurs between the maturation mitoses, and 
the next portion of the follicle is accordingly occupied by both primary and 
secondary spermatocyte divisions. The posterior end contains spermatids 
undergoing transformation to unripe and ripe spermatozoa. As T have 
already i)ointed out in the casr‘ of rindtfhf,^, all cells in one cyst arc not at 
precisely the same stage of d(‘velopm(‘nt, and in a transverse section mitotic 
figures and resting stages can be seen lying side bv side. 

The primary spermatogonia are arranged in a cluster at the extreme 
anterior end of the follicle*, whereas the secondary spermatogonia, more 

posteriorly placed, are in greater numbers 
and appear to he without definite arrange- 
ment ill the cyst. Tlie chromatin during 
the resting stages is dis])osed in granules 
upon iinin threads, and the nucleus is appa- 
rently a coinphde reticulum. In the pro- 
phase of division this network breaks into 
numerous filaments, which shorten and con- 
<len?»e until seventeen compact and smooth 
chromosomes are seen lying in the equatorial 
plane ; these are divisible into eight pairs 
Fig, 1.— JSperumtu^ouiul and one odd chromosome, which corresjionds 

with the monosome of Davis and the hetero- 
tropic, accessory, and X cliroinosoiiie of other writers. 

The sixteen ordinary chromosomes are graded in length and individually 
composed of two equal rods, of which one passes to each pole in the subse- 
quent anaphase : the plane of cleavage is invariably parallel to the major 
axes of these rods, which appear to bo indivisible units. The diameter of the 
ordinary rods is constant, whereas that of the odd chromosome is greater and 
varies throughout its length ; the latter is thus easily distinguishable from 
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the other members of the complex. Fig. 1 shows ii polar view of this 
metaphase, and seventeen chromosomes are seen in the equatorial plane. 

The last spermatogonial division is followed by a long period of growth, 
and large tracts of the follicle are seen occupied by cells undergoing this 

stage. Tlie chromatin is again disposed in 
granules upon a network of linin threads, but 
the odd chromosome takes no part in the general 
dissociation and remains as a darkly staining and 
homogeneous body apposed to the nuclear mem- 
l)rane. The prophase of the first maturation 
division is characterized by the fission of indi- 
vidual granules and the breaking of the network 
into numerous double filaments ; these, which are 
at first long and ragged, conjugate in pairs and 
condense into the usual tetrads, appearing as rings, 
crosses, and figures of eight. The closeness with which the component rods 
are folded upv)n one another makes resolution extrenudy difficnlt, but size- 
relationships corresponding with thos(‘ seen on the spermatogonial spindles 
are again recognizable, and each tetrad is undoubtedly composed of four 
equal rods in juxtaposition. iSince these rods are similar to those of the 
earlier mitoses, the total amount of chromatin remains unchanged, and the 



Figrs. 3 & 4.— Polar aud lateral views of first maturation mitosis. 




eight tetrads are collebtively equivalent to the sixteen ordinary spermato- 
gonial chromosomes. I have failed to determine whether this division is 
reductional or equational, but this is immaterial, for either this or the next 
mitosis must separate paternal and maternal elements. Figs. 3 and 4, repre- 
senting respectively polar and lateral views of this division, show the eight 
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t<?trads and the odd chroinosonie, and in the latter ihe odd chromosome is seen 

]>assin|y entire to one pole, while the ordinary 
cliromosoincs are preparing for or actually 
undergoing fission*in the equatorial jdane, 

0 \ The second maturation division immediately 

\ Coilows the first, an<l tlie complex is composed 
I of eight or nine chromosomes, the difference 
/ depending nj)on the odd chromosome, which 

^ / is found in only 50 per cent, of these cells. 

^ w y As in the case of the spermatogonial meta- 

phases, eacli ordinary cljrouiosoine is composed 
of two equal rods, and the same size-relation- 
shi| )s are again apparent. Fig. 5 is an example 
of this inetaphase seen from the polar aspect. 

The transformation from sp(M*matids to unripe and ripe s])erinatoifioa is 
similar to ihat already d<‘scril>ed for these' organisms hy myself and other 
writers. The chromosomes become dissociaied into minute granules, which 


Fig. o . — Second niiitiiratioii 
mitosis. 


at first stain only >lightly with fhe iron laematoxylin ; the appearance of the 
“ centi’osome is ju'CempanitMl hy elongation of )mcleus and cytoplasm, the 
latter eventually constituting a long thread-like tail. 


Dimensions of the (hiuoaiosOMEs. 

The diaimder of all component rods of the ordinary s[)enmit.ogonial 
chromosomes is *85 /i, and thoM^ consequently differ from one another only in 
length. The comjdox is divisilile into two groups ro[)resented resj)ectivcly 
by three* long and live short pairs: this grouping ae^cords with that of Davis, 
and with my own u])on other ni(*mbcrs of the genus. Moreover, the lengths 
of the c()in]K)nent rods of the five short j)airs are respectively 1*7, 2*1, 2*5, 
2*9, and 3'5 /x, and therefore constitute consecutive members of a series in 
arithmetical progression ; those of the three long pairs also belong to this 
series, hut are alternate instead of consecutive, being respectively 5*0, 5*8, 
and (1*7 jll. 

The tetrads or primary spermatocyte* chromosomes cannot be measured 
accurately for their outlines are irregular, but a careful study of the filaments 
condensing during the preceding ]>rophase leaves little doubt that they are 
individually composed of rods of the above dimensions. 

The secondary spermatocyte complex is the most favourable for the 
measurement of chromosomes, since overlapping <loes not occur and in- 
dividuals are composed of j)airs of rods as in the sptirnuitogonial mitoses. 
The diameter of the component rods of ordinary chromosomes is again *83 /a, 
and the lengths are respectively 1*7, 2*1, 2*5, 2*9, 3*3, 5*0, 5*8, and fi*7 /a, 
i. e.y identical with those of the spermatogonia. The odd chromosome, found 
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in 50 ])er cent, of these cells, is again easily recognizable on account of its 
great lircadth. I have already produced evidence to ksIiow that rods com- 
posing ordinary chroinosoiiies of organisms above and including Nemat- 
helminthia have a constant diameter, viz. *83 and that their lengths 
constitute members of a general series in arithmetical progression ; and the 
chromosome measurements of S. curtlpemtis therefore afford further support 
to this assumption. 

The accompanying figure (fig. fi) shows the complexes of Steuohoth'ims 
paralleJifSy S, viridalus^ /S', hicolor^ and S, curti]>ennu, the four complexes 
being respectively marked A, B, and D. In my recent paper 1 have 
identified rod-lengths of tlu* general series by numerals, whi(di are again used 
and are placed above the corresponding chromosomes. The drawings show 
com])onent rods, each spermatogonial and S(»condarv spermatocyte chromosome 
being composed of two and each [irimary spermatocyte chromosome of four. 

The rod-lengths of the the short chromosomes ap})ear to be the same in all 
four species, whereas those of the three long chromosomes are not identical 
in any two: in H, j^arallelus they correspond respecti\cly with Chromo- 
somes 14, 1.5, and 17 of the general serio, in S, rinduhf^'i with (.Jliromo- 
sotnes 13, 15, and 17 ; in A', hicolor with (Chromosomes 11, 13, and 17, and in 
S. curtipennis with (^hromosomes 11, 13, and 15. ^ 

If now we assunu' that the chromatin is directly concerned with the 
transmission of th(^ hereditary characters — and we have many reasons for 
assniniiig this — we must look for the cause of somatic differences between 
these species in the three long chromosomes, for the respective nuclei 
appear to diflier only’^ in the lengths of the.He, Moreover, we inust*‘try 
to discover how these differences in rod-hmgths have occurred, for the 
problem of ebromosome function must be intimately connected with such 
(lifFerences, 

Let us firstly assume that chromosome rods throughout the animal 
kingdom an? of fixed lengths, and that iiiorpliological similarity is invariably 
accompanied by functional similarity. This assum])tioii carries with it the 
further assumption that in the course of evolution certain rods have dis- 
appeared from each complex, local conditions having determined which 
vshoiild persist and which slumld be eliminated : moreover, it postulates a 
greater number of chromosomes in primitive than in highly organized typos, 
and we must expect to find allied organisms possessing manj'^ chromosome 
lengths in common. The former of the last-named corollaries is, however, 
not supported by actual investigation.s, and with regard to the latter I have 
already showm that Forjicula does not possess one rod-length in common with 
Steitohothnis. AA'e an* accordingly faced by a complete contradiction, for, if 
a definite chromosome rod-length is invariably correlated with a definite set 
of somatic cluiractors, no such set of characters can be possessed by botli 
earwings and grasshoppers — members of sister families. 



■9 


3 



A. Sleuobothrutparallelu«. B. S, riridulun. C. S, hieohr. D. S. turttptnmt. 
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The second and alternative hypothesis postulates a continuous linear 
growth of chromosomes in the course of phylogeny, and is based uj)on 
<lata that support direct correspondence between the degree of somatic 
complexity of an organism and the total volume of its germ-cell chromatin ; 
it moreover offers a logical exjdanation of the evolution of various rod- 
IfMigths. The moasiircmcnts that I have given can be only approximations, 
and the difference between terms of the general series is probably smaller 
than that shown, but these measurements suifico to prove dilferences between 
complexes of allied species ; and it is only reasonable to suppose tliat such 
differences are of comparatively recent origin and have evolved hy some 
<?ontinuoiis j)rocess accompanying tlie somatic differentiation of the species. 
In certain cases the process may have been complicated by degeneration, 
possibly resulting in the complete disappearance of a particular chromosome 
from the complex, but, oven if this additional factor is eventually established, 
I am aware of no reasons for discarding the assumption that the guiding 
princi])le in complex formation is and lias heen a purely linear growth of 
component rods. 

I have alreaily pointed out that if this second liypothesis is sub.setiuoiitly 
proved, morjdiological identity of chromosomes can be no guide to functional 
identity outside the narrowest limits of our classi/ication ; but in th(‘ case 
of allied species, wdiich must have evolved along almost paralhd lines, we 
may reasonably hope to establish correlation of individual chromosomes 
of the respective complexes, and thus form a basis upon which to attempt 
correlation of rod lengths and definite somatic characters, 

Let us therefore consider again the complexes of these four sj^ecios of 
tStenohothnis. TIkj lengths of the five short chromosomes are the same in all 
cases, and their identities appi^ar consequently to he established ; the three 
long chromosomes, however, are not the sumct in any two comjilexes, and 
<H)rrespon deuce is therefore not at once apparent. If wo accept the first 
hypothesis, which postulates invariable correspondence between definite 
rod-lengths and definite sets of somatic characters, we must realize that no 
long chromosome is common to all four species; (chromosome 11 is absent in 
S* paralltdm and S, rlridulusy Chromosome 13 is absent in S. parallelus, 
Cliroinosome 14 is absent in S, tHridulas, hicolor^ and S, curtipennis^ 
<;hromosomo 15 is absent in S. hicolor, and Chromosome 17 is absent in 
& vurtipenni,s. If, on the other hand, w^e accept the second liypothesis, 
which postulates continuous linear grow'th of rods, we must realize that in 
these complexes the short, medium, and long chromosomes of the three are 
probably respectively identical. Thus Chromosome 13 of S. viridulus does 
not corre.s[)ond with Cliromosojuc 13 of S\ hicolor and S. curtipennu^ but 
<;orresponds with Chromosome 11 of the two latter and with Chromosome 14 
of S. pamUelm^ for these chromosomes constitute the shortest member of 
the long group in each case ; similarly, Chromosome 17 of S. parallelus^ 
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S. rmdvhfSy and S. hicolor is not. iinropresented in S. ctnilpennis, but is 
functionally identical with Chromosome 15, which has not yet ^^rown 
sufficiently in the last-named to ho classed in the higher category. Corre- 
spondence l)etween the rr‘inaining long chromo.somes can be seen in tin* 
diagram by following the arrows, which have been insertcnl to show identities 
in alt cases. 

If the difference between terms of the general series is eventually found 
to he smaller than half the rod diamet(*r, cliromosomes that we now class as 
consecutive must ho sc})arated by intermediate lengths, and those that we 
class togeth(*r may, as a r<‘siilt of more accurate means of measurement, he 
shown to have minutely differing lengths : this, however, cannot affect the 
three long chromosomes of Sf.enohothrH,<y for their respective lengths are 
such that mistake in identification is impossible. We must nevertheless 
reineml)(‘r that the correspondence indicated by tln^ arrows is based upon 
a j)iire hy])othesis, and ihat at prescmt wo possess no direct evidence in 
support of this correspondemui. 

Turning now to tla^ consideration of somatic* characters, we find that these 
grasshop])ers are individually distinguished by slight hut clc'arly defined 
diffcuvnces. The following d(5Scri|)tions give the ])rincipal cbaracterisf ics 
and arc* c|uotecl from the v\orks of Boli\ar, Ihirr, and Kirby. 

STENorarmurs pahallkli s. 

1. Very variable in colour, 

2. Antenna^ longer in male than in female. 

?i. Pronohim with transverse furrow nearer to posterior than to anterior 
border. 

4. Laleral carina? of pronotum almost parallel or slightly approximating 

about the middle. 

5. Elytra do not reach end of abdomen in male ; in female do not reach 

Ixyond fourth abdominal segment, 

C. TVlediastinal area of elytra extended abruptly tow\ards the apex and 
extenchid round base, forming a rounded lobule ; anterior margin of 
elytra convex round base. 

7. Wings rudimentary. 

8. Length of body, male 14-15 mm., female 18-21 mm. 

StKXOBOTHIIUS VTIUDULrS. 

1. Green varied with darker. 

2. Antennae longer in male than in female. 

a. Pronotum with transverse furrow midway between anterior and posterior 
borders, 

4. Lateral carina^ of pronotum slightly angled near anterior border^ 
rounded slightly posteriorly. 
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5. Elytra fully developed in both sexes. 

6. Mediastinal area of elytra gradually extended towards the apex, 

prolonged to length of anterior border and not lobulate at base. 
Anterior border straight. 

7. Wings developed. 

S. Length of body, male 13-15 mm., female 20-24 mm. 

Stenobothrus bjcolor. 

1. Very variable in colour. 

2. Antennai of equal length in both sexes. 

3. Pronotum with transverse furrow nearer to anterior than to posterior 

border. 

4. Lateral carina? of pronotum sharply angled in anterior part, diverging 

towards anterior and posterior borders. 

5. Elytra fully devfdoped in both sexes. 

6. Mediastinal area of elytra extended abruptly towards the apex and 

extended round base, forming a rounded lobule ; anterior margin of 
elytra convex round base, 

7. Wings developed. 

8. Length of body, male 15-10 mm., female 19-24 mm, 

StENOBOTHRITS CTMITIPENNIS. 

1. Variable in colour, 

2. Antennm longer in male than in female. 

3. Pronotum with transverse furrow nearly in middle. 

^ •% 

4. Lateral carinse of pronotum straight and parallel. 

5. Elytra very short. 

6. Mediastinal area of elytra extended abruptly towards the apex and 

extended round base, forrniug a rounded lobule ; anterior margin of 
elytra convex round base. 

7. Wings very short in female ; in male equal in length to body. 

8. Length of body, male 17*5 mm., female 17’5 mm. 

Let us now try to correlate these characters and the chromosome rod- 
lengths of the respective complexes. We will firstly consider the lateral 
carin.'c of the pronotum ; these are parallel or slightly* approximating in 
S. paraUelus^ S. vindulm^ and S. curtipennis^ but sharply angled in S. bicolor. 
This characteristic is distinctive, for Burr has pointed out that by it alone we 
can distinguish the last-named from the other three species. Now if corre- 
lation is evident, we must exj)ect to find corresponding chromosomes of the 
same length in S, parallelus^ viriduluJtj and S. curtipennis, but of a different 
length in S. hicolor ; if, howeyer, we follow the arrow's in the diagram we see 
that no long chromosome fulfils these conditions, and correlation is therefore 
not established. 
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Taking as a socjond example the mediastinal area of the elytra, we must 
expect to find corresponding chromosomes of the same length in S. pamU 
lelus^ S* hicolor^ and S. curtipeunh and of a different length in 8, viridulus^ 
for in the three first named the area extends abruptly towards the apex 
whereas in the last it extends gradually* Wc again fail to observe such a 
chromosome ; and the same absence of correlation is noticeable with respect 
to the other characters on the list with the exception of colour, which is 
variable and untrustworthy. 

Moreover, we are not more successful if we assume the first hypothesis, 
which ]>ostuIates unchanging rod-lengths. Disregarding the arrows in the 
diagram and considering correspondence to depend entirely upon length, we 
find that the length of ujitenme and angle of the lateral carina) may be 
correlated with Chromosome 15 in 8. parallel ns ^ S. nridalus^ and S. carti- 
pemm ; but the fact that no other characteristics aj)pear to corresj)ond 
with chromosome lengths makes justification for this assumjdiou doubtful. 
Furthermore, the genus StenohifthnL'; has been divided by Bolivar and other 
systematists into subgenera, and these species are now classified as follows: — 
Vhorihippus parallehts^ Chorthlpjnis carlipennis, Onioeentus riridulus, and 
Staarodt'rKS htrolor : it is noteworthy that the two whoso comjdoxes show 
the greatest differences in rod-lengths should thus be classed together. 

Four explanations may be put forward to account for this failure. Firstly, 
we may assume that my measurements are inaccurate ; this, however, seems 
unlikely, for great (*are has been exercised, and the, lengths of the long 
chromosom(»s are such that relative (UTor should be impossible. Secondly, 
we may assume that the lengths of the five short chromosomes are 
not res})ectively id<mti(‘al in all tho sj>ecies ; in this case the characters 
mentioned may be correlated with these and not with tlio three long 
chromosomes : if, however, the princi|>al somatic differences, upon which 
systematists have based their classification, are not traceable to obvious 
differences in long ebromusomes, why should they he traceable to imper- 
ceptible differences in short chromosomes, and, if they are so traceable, to 
what are the obvious differences in the former due ? Thirdly, tho arrows 
may be misleading : (Jhromosoine 17 of aS'. parallelits^ 8. vmdulus, and 
8. hlcolor may, for example, correspond in 8. cnrtipennis\^\i\\ Chromosome 13 
and not 15, in which case the last named chromosome corresponds with the 
medium instead of the longest member of tho three, and is accordingly 
functionally identical with Chromosome 15 of 8. parallelna and 8. riridulus 
and Chromosome 13 of 8 . hicolor. This is undoubtedly possible, if rods are 
continuously increasing in length, for a long chromosome may in the course 
of evolution be overtaken and passed by one that was shorter, and tho latter 
may consequently be mistaken for the former : if this occurs, we must realize 
that measurements cannot always be a trustworthy index to functional 
correspondence even in the most closely allied organisms. Lastly, if the 
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chromosomes of a complex are. qualitatively different, as we have reasons for 
believing, each must be concerned with a definite set of characters : difference 
in length of two corresponding chromosomes may therefore he connected 
with differences in several characters, and, even if the character under 
consideration is included in these, other factors are ecpially bound up in 
the chromatin rod, and may be res{>onsible for apparently irreconcilable 
lengths. 

In the cii'cumstances I am inclined to think that the fonrih explanation, 
possibly cou[)lcd with the third, will eventually be found to account for our 
present failure. It is difficult to believe that tlie obvious somatic differences 
mentioned in onv list are not in some way connected w'ith the lengths of the 
three long chromosomes, but until a thorough analysis has be<‘n made of both 
internal and external characteristics of these species we cannot hope to 
correlate somatic characters and chromosome rod-lengths in tlu! genus. 
In 19(18 MctJlung indicated a course of itivestigation upon Acridiida' to 
be carried out upon these lines, but T have seen no paper by him on the 
subject : possibly ho and his followers hav(‘ been able to throw some light 
upon this difficult problem. 


ResumiI. ‘ 

Each ordinary sperniatogonial and secondary spermatocyte chromosoim* 
of S. atrtipevms i'< composed of two cnjual rods, and each j)rimary spermo- 
tocyto chromosome of four. The diameter of these rods is invariably 
•83 fi and consequently lends further support to the assumption that the 
chromatin thread-width is constant in all organisms above and including 
Neniatlielminthia. 

The lengths of the ordinary rods constitute meihbei's of a general series 
in arithmetical progression ; the five short chromosomes are respectively 
identical with those of other members of the genus, but the lengths of tin* 
three long chromosomes once more enable the species to be identified. 

A comparison between S. pamUelns, S. rinduhix, S, l>icohr, and S. cni-ti- 
perniis fails to establisli correlation of somatic characters and chromosome 
rod-lengths, but wo have reason for believing that the obvious characteristics 
upon which identification is based are in some way connected with the three 
long chromosomes ; our present failure is probably duo to ignorance of the 
less obvious somatic characteristics and b the lack of trustworthy methods 
of identifying corresponding chromosomes in the respective complexes. 
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Freshwater Rhizopoda uikI Heliozoa from the States of New York, New 
Jersey, and Geortria, U.S.A. ; with Suppleinentnl Note on Seychelles 
. Species. Ry G. H. Wailfs, F.L.S. 

(Platk 12.) 

[Head 18th April, 1912.] 

The Freshwater Rhizopoda of the States of New York and New Jersey have 
received little attention since the publication of Leidy's work in 1879, and 
T am not aware of any records from the State of (Tcor^ia. Since 1879 
the nunibor of (lescrib(‘d species of Rhizopoda has been more than doubled, 
and an investigation at the present time of the localities in wliicdi Leidy 
worked cannot fail to give fruitful results. 

The records In^re given wen^ obtained from gatherings inad(‘ in the 
autumn of 1911 from the following localities : — 

(1) Georgia. — Augusta, gathering of water-plants collected by 1). K. 
Dalgish, Sept. 30tli. 

(2) New Jersey. — Lakeliurst, gatherings from dry and submerged s])hag- 
niim and from the Lake, Sept. J8tli ; also dried sphagnum purchased from 
New York Hori.sts, exact locality unknown. 

(3) New York District. — Mainland. Split Rock Lake, N.J., Sept. 9th ; 
Boonton, N.J., Ganal and River, Sept. 9th; Van (brtlandt and Bronx Parks, 
N. York ( 'ity, Sept, and Get. 

(4) New York State. — Long Island, gathering from Good Ground per 
R. Wendell Squires, Dec. otli. Gathering made by myself, Dec. 16th to 19tli, 
at Good Ground from Penney 's Pond, Trout Pond, Old House Pond, and a 
small pond at the head of Smith’s Creek *, 

^ Penney’s Pond is about .*J miles N. of Good Ground ; Trout Pond is about 5 miles 
,N.W. of Good Ground on the Kiverhesd Road ; Old House Pond is about 2 miles W, of 
Penney ’b Pond. All these ponds are about one-eigliih of a mile in diameter. 

n* 
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Of Rhizopodii 101 species and varieties are recorded from the al)ove 
localities, including five new species and ten new varieti(‘s ; about loriy are, 
1 believe, now' for tlie first time recorded from the United States. Four 
species of Heliozoa are also recorded. 

In addition Nehela tropica^ sp. nov., from Borneo, and Kuph/pha cristata 
van aemdaris^ var. nov., from tlio British Isles, arc also described, as tlu*y 
illustrate the affinities of s^une United States species. 

The general results reg<irding distribution may be briefly summed up : 
the Rliizopod fauna was rich both in number of species and individuals, tlie 
majority of the species (say 80 per cent.) were similar lo those ibund in 
Europe; the remainder consisted of : (1) species not uncommon in North 
America but more or less rare in Europe ; (2) species or variedies which, so 
far as we know at j)resent, are peculiar to America ; (S) species in whicli 
considerable local” variation or peculiarities occurred. 

Some species of Rhizopoda may be peculiar to Euro])e, or common there 
and rare in America, but sufficient American data lacking to enable any 
definite jironounccmcnt to be made on this subjeedi. 

Slides containing specimens of the new species and varied ies described in 
this paper have been given to the New York Museum of Xatnral History, 
where they arc available for inspection. 

The dimensions given (ft='001 rain.) are of the specimens from the-abovc- 
named localities, except in the tabulated list of the genus Enph/pha, 

T have to thank Dr. E. Penard for his assistance and for his kindness in 
sending me mounted sjjecimens from portions of some of the gatherings 
which w ere sent to him. 
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Class S A 11 CO DIN A. 
Sub-ClHss BHIZOPODA. 
Order A INI I N A . 
Family J^obosa. 

Ainadia fluida, (fruher 


friiitubi, J'wj. 

1 „ liinnx, Ihij 

! ,, ])roteua [ Pallas) ^ Leithf 

I striatji, Penard 

j „ verrucosa, P'hreidt 

„ vespertilio, Pen 

Dartylosplia'rium radiosum, Jiutsc/di 


Order CONCTIULINA. 
Family AnncMjDA. 


A reel 1 a anjr ulosa, Perty 

areiiaria, 

,, artocrea, Leidy 

,, dental a, Ehrenh 

discoiiles, E/trenb 

liemisphuTini, Perty 

„ mitnitu, Leidy 

,, polypora, Pev 

„ vul^;;;aris, Bhrrnh 

„ „ mr. coiiipreisa, Cash 

„ var, ;^i))bosa West 

Pseudocblainys patella, Ckq^. et Lachm 

Coryeia fla\a, dreeff, a]» 

Dullimila iiidica, Pen 

Contropyxis aculeata (Ehrenh,), Stein 

„ ' „ var. discoides, Bhrenh 

„ „ var. ecornis {Ehrenh.), Leidy 

„ „ var. apiuosa, Cash 

„ Laevigata, Pen 

Plagiopyxis callida, Pen 


Family Difplugina. 


DilHugia acuminata, Ehrmh 

„ „ var, inflata, Pm 

„ ainph oralis, llopk. 

„ arcula, Leidy 

„ bacillariarum, I\*rty 

M „ var. elegaus (/Va.), Cash 

„ mr, teies [Ptni), Cash . . 


O 


r. 

a 


X 

X 


X 

X 


X 

X 




X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X 

X 


X 

X 

X 
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X 

X 

X 


X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


X 

X 


X 

X 

X 

X 

X 


i 


New Y'ork District 
(mainland). 
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i cf I 

1 'E** I 

o 

o 

O 


br 

!S 


Family Diffj.ugina (cont). 

Diffliigia bncillifera, Fefi 

„ brevicolla, Cas/i 

„ constricta (Ehrenh,)^ Leidy 

,, corona, WalUch 

„ globulus {Ehrenb,), Ilopk 

„ gramen, Fen 

,, Loidyi, sp. iiov 

liirinetica, Levander 

lobo«toma, Leidy 

M lucida, Fen 

„ oblonga, Ehrenh 

,, „ var. corimta, Leidy 

„ var. laciistris (Fen.), Cmh 

,, „ rar. nodosa, l^idy 

„ „ var, venusla (J*en.), Cash 

„ oviforinis, Cush 

I'enardi, Hopk 

pristis, Fen 

„ pulox, Fen 

„ rubesc(uis, Fen 

„ tuberciilata ( Truf//?V*7<), 

„ „ rar, minor, Fen 

„ urceolata, Carter 

Cucurbitella mespiliforniis, Fefi 

I’oiitigulasia compressa ( Carter), Cash 

„ vas (Leidy), Schmit 

Lesquereusia modesta, EhumM. 

„ spiralis, Butschli 

I Pbvyganella hemispherica, Fen 

1 „ nidulus, Fen 

^ Trigonopyxis arcula (Leidy), Fen., %'ide Difflugia arcula 

j Oryptodiiflugia compressa, Fen 

„ eboracensis, Wailes 

„ oviformis. Fen 


X 

X 


X 

X 


X 

X 


Family Neb kuna. 

llyalospbenia elegans, Leidy 

„ papilio, Leidy 

„ Bubtlava, Cash 

Nebela amoricana, Tardnek 

„ ,, var. falcata, var. uov. 

„ ansata, Leidy 

„ barbata, Lewy 

„ cixnimis. (Archer), Leidy , 

„ caudata, I^idy 

,, collnris (Ehrenh.), Leidy 

„ „ var. retorta, Leidy 

„ cratera, sp. nov 

„ dentistoma, Fen 


X 

X 


I' ' 

•-S 
OI 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 


X 

X 


X 

X 

X 
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X 

X 

X 

X 

X 

X 
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X 
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X 

X 

X 
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X 

X 
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New York District 
(mainland). 
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1 

2 

3 

Nkbklina (cant,), 

Nebela clentistonia, var. lacuntris, var. nov 

„ equicalceiifl, Leidy 

X 

X 

X 


, , 


ff Habtilluluin, Leidy 


X 


„ galeata, Pen 

„ gracilis, Ven 


X 



X 


„ griseola, Pen 


X 


„ iongicollis, Pen 

• • 

X 


„ mnrgiiiata, Pen 


X 


,, ujilitariji, Pen 


X 

X 

„ minor, Pen 

• f 

X 


„ parvuln, Cn&h 

• • 

X 

X 

„ sscnt^llata, sp. iioy 


X 


„ tonella, Pen 


X 


„ tiiicta {Leidtf), Awer 


X 

X 

,♦ tubiilala, Brown 


X 


,, Itibulosa, Pen 

• • 

X 


,, vitnisji, Pen 


X 


„ „ mtr, Rphagiii (v. note) 


X 


t^uadriila s^nnrnotvica {W<dlic/t), P. Pi. Bchuhe 

• • 

X 


„ ,, ear. irregularis, Pen 


X 


„ ,, rar. curvata, var. nov 




lleleupera nodosa, sp. nov 


X 


„ potricola, Leidt/ 


X 


„ „ rnr. major, C(fs/i 


X 


„ „ van anietliystea, Ptni 


X 


„ rosea, Pen 


X 


„ sordida, Pen 

„ spliagni {Lei(h/)y Hopk 


X 


• * 

X 


„ ,, var. fievis, var. nov 

„ svlvatica, Pen 


X 



X 

X 

Aworinzewia cyclostoiiia (Pe9i.), Sekouteden 

Cocliliopodiuiu biliinbosiun (^ireeff')y Calkins 


. . 



X 


Fiiniily 30 uglyphina. 




Eiiglyplia alveolata, Puj. 

X 

X 

X 

„ ,, var. cirrata, var. nov . 


X 

X 

„ armata, Waiies 

X 

X 

X 

,, „ var. brevispinn, Pen 

X 

X 

X 

„ „ var. flexuosa, Pen 

X 


X 

„ brachiata, Leidy 


X 

, , 

„ „ var. librata, var. nov 


X 

, , 

„ ciliata, Pltrenh 


X 

X 

„ „ f. frltilra 


t 

X 

„ „ f. Lelerospina 


X 

- . 

„ coT«pro.ssa, Carter 


i X 

. . 

„ . f. glabra 


X 

X 

„ cristatn, Leidy 


X 

X 

„ „ var. major, Wailes 


X 

. . 

„ crenulata, sp. nov 

X 

X 

X 

„ „ var. minor, var. nov 


, , 


„ diifera, Pen. 


X 


„ var. spinosa, var. nov 

• • i 

X 

, , 

„ Irevis, Periy 


X 

X 

„ mucronata, Leidy 


X 

, , 

„ strigosn (Phrenb), Leidy 


X 

X 

„ „ f. glabra 


X 

X 

„ „ f. heterospina 


X 


„ „ var. muscorum, Wailes 


X 

X 

„ rotunda, Wailes 


X 

X 


xx; x: xxxxxxx: : x: : : : x: x ; x: : x: xx: x: xxxx; xxxx: : : x: x: xx: 
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i 

hi 

bb 

fit 
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j Family Euglyphina (cohL), 

Placocysta spijjosa, Lddy 

„ „ rfl/*. eetigera, var. nov 

Assuliua mu8coriim> Gre^ 

„ Remimiluni, Leidjf . 

Cyphoderia ampulla (JC/irenL), Leidi/ 

„ troehus, var, amphoialis, Wattes 

i Trinema complanatmu, iV?!. 

„ fiuchelya {Ehrenb,), Leidy 

„ lineare, Ten 

Corythion dubium, Tardnek 

„ pulchelluiu. Ven 

Sphenoderia dentata, Vea 

„ lf»nta, SMumh 

„ Tiiacrolepifl, Lndy 

! Campascus minutus, Pen 

' Family Ghomitna. 

Parnpliagus hyalinus, Ehrmh, P pp 

Pseudodifllugia Archeri, Pen, sp 

; „ fulva. Archer 

„ gracilis, Schlumh 

Family Amphtstomina. 

.Amphitrema ilavum (Archer), Pen 

„ stoiiostoma, Niisslin 

„ Wrigbtianum, Archet' 



. X 
X 
= X 
X 


Sub-Class HELIOZOA, 
Order AraROTIlOliACA. 

P’amily Actinophuyip-®. 
Actinophrys sol, Ehrenh 

Oi'der CHALAROTIIORACA. 

! 

1 Family Acakthocystidje. 

A cantUocystis turfocea, Carter 



I 


X 

X i 

I 

■ • I 

I 


1 

X ! 
X ’ 
X i 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 


X 

X 

X 

X 

X 

X 

X 

X 


X 


I 


I 


! 




X 


X 


X 


X 



X 


Order I )ES MOTH OK AO A. 

Family CLATHKULINlDiE. 

ClathruUna Cienkowskii (Met^esch,), Peti, . 
„ elegana, Cienk 


X 

X 


New York District 
(mainland). 
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List of Rhizopoda of which illustrations arc given by Leidy (30) 
which have since received specific names. 



Plate. 

Figures. 

Amoeba striata, Pen 

3. 

37. 

Arcella hemisphwrica, Perty 

27. 

4, 15. 

„ polypora, Pen 

28. 

22. 

vulgaris var. compressa ((Vm//) 

28. 

4—7 . 

Assulina muscorum, Oveeff 

37. 

15-17, 20. 

(jHiitropvxis laevigata, Pen 

18. 

37 44. 

Ouvvthion dubiimi, Tardnek 

39. 

12, 13. 

(yvphoderia ampulla var. papilJata, Wnilea 

34. 

f) 8. 

Dmlugia acuminata var. inilata, Peu 

12, 13. 

LM; 2,5,8,10. 

„ ampliorn, Leidy 

U, 18. 

3, 4, 8 j 34. 

„ amphoralia, Ilopk 

16. 

33. 

„ bacillariarum var. elogans (/V?#.), Cash. 

13. 

23-20. 

„ grameii, Pen 

15. 

15. 

„ liydrostaiica, /.ach. 

15. 

27, 28. 

„ lanceolata, Pen 

10. 

17. 

„ Jjcidyi, sp. imv 

16. 

3,0. 

„ oblouga var. atricolor, Perk 

10. 

27. 

„ „ var. cla\irormi8, Pen 

10. 13. 

]«; .1,4. 

„ lVnar<li, ILjph 

15. 

25, 20. 

„ rul>escen.<», Pen 

10. 

21, 25. 

„ tiiberculata {WaUich)^ Archer 

15. 

lo -io, 21, 22. 

M vescidula, Pen 

16. 

37. 

luiplyplia alveolata var. cirrata, var. nov 

35. i 

5, 9. 

„ armata, JVailes 

35. 

7, 8, 10. 

„ bracliiata var. librata, var. nov 

37. 

7. 

., compressn, Carter 

30. 37. 

1-0; 29. 

,, » f glabra 

30. j 

23. 

„ rreiiulala, sp. nov 

35. i 

2, 3, 4, 0, 15-18. 

„ filitera, Pen 

30, 37. ; 

7, n-14; 28. 

,, „ var. spinosa, var. nov. 

35. 

19? 

„ slrigosa rar. muscorum, Waites 

30. , 

18. 

Ileleopera nodosa, S]>. nov 

26. ' 

12, 15,20. 

Lesquoreiisia modesta, Phiimbl 

19. 

f*' \ 

Nebola amoricaiia, Tardnek 

23. 


„ denlistonia, iVw 

24. 

12. ! 

„ „ ? car. lacustris, var. nov 

24. 

11. i 

„ galeata, Pen 

23. 

2, 3. 

,, gracilis, Pen 

23. 

•4^0. ; 

„ mai‘giuiita, Peii 

24. 

, 0, 8. 1 

„ inilitaria, Pen 

20. 

18. ' 

„ minor, Pm 

22. 

11, 12, 10. 

„ sciitellata, sp. nov 

24’. 

25. 

„ lubulata, Brown 

24. 

18. 

Phryganclla bemispberica, Pen 

16 . 

23, 24. 

y, nidulus, Pen 

IG. 

1 4. 

Pontigulasia vas Schout 

12. 

2-9. 

Trinema complanatum, Pen 

3,9. 

41, 47, G1 03, 07, 08. i 

„ lineare, Pen 

39. 

24, 38, 43, 65 59, 05. i 
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List of the specios recorded 
not found by the writer : — 

Amoeba nobilU, Pen, (Oiiramieba). 
Amphizouella violaoon, Greeff. 
Biomyxa vagans, Leidy. 
Cochliopodium Testifum, Archer, 
IMnamceba niirabilis, Leidy. 
(Premia fluviatilis, Ihfj. 

ActinosphaDriiim Eichomi, Ehrenb. 
EJoeorhanis cincta, Greeff, 
Ileteroplirys myriapoda, Archer, 


from New Jersey l)y Loidy (30) which were 


Khizopoda. 


Ilyalodiscus rubicund us, lleriw. Ijcee, 
Pamphagus mutnbilis, Hailey, 

„ granulatus, P\ E, 8ch, 
Pelloinyxa rillosa, Leidy, 

Vampyrella lateritia (Fres.)^ Leidy. 


Heliozoa. 


Pompholyxopbrys pimicoa, Archer. 
Paphidiuphrys elegans, lleHw, Less, 
„ viridis, Archer. 


Synonyms for some of the species descri})ed by Leidy (30, 10, 36) : — 


Amoeba radiosa, Bhrenh. 
Difflugia compreesa, Carter. 
„ cornuta, Leidy. 

„ globularis, Leidy, 

„ globulosa, Leidy. 

„ nudosa, Leidy, 

„ pyriformis, Perty, 

„ spiralis, Ehrenh, 

„ va«, Leidy, 

Ilyalospbenia tincta, Leidy, 
Pamphagus avidus, Leidy. 

„ curvus, Leidy, 


now Dactylosphaerium radiosum, HnUchli, 
Pifflugia oblonga rar. nodos-a, Leidy. 

„ „ oblonga vnr, cornnta, Leidy. 

„ globulus {^Ehrenb.) ^ Hopk. 

„ „ do. do. 

„ „ oblonga var, nodosa, Ijtddy. 

„ „ oblonga, Ehrenh, (10). 

„ Lesqueroiisin spiralis {Ehrenb.)^ Hntschli. 
Pontigulasia vas {Leidy), Schout, 

Nebela tincta {Leidy), Awer. 

„ I’ampbagus granulatus, F. E, Sch. 

,. do. do. 


JIroozoa. 

Acanthocystis chaetopora, Leidy now A. turfucea, Archer, 

Hyalolampe fenestrata, Greeff. „ Pompholyxopbrys punicea. Archer. 
(Penard, Les H^liozoaires, 1004.) 


According to Penard Dijdophrys ylrcJwri, pi. 45. figs. 7, 8, should be iden- 
tified as Elt/iorliavi.'i cincta, Greeff, Also Oarammha hutalicanda and 0. iwvaor 
are no doinbt Amceha nobilis, Penard (36. Les Ileliozoaires, 1904). 


List of Hhizopoda and Heliozoa found in Now York Oity drinking-water, 
supplied from the Croton Reservoir during the autumn of 1911 : — 


Rhizopoda, 

Arcella discoides. 

„ vulgaris. 

„ vulgaris var, gibbosa. 
Assulina seminulum. 

Centropyxis aculeata. 

„ aculeata var. discoides. 

Oampascus minutus. 

Oorythion pulcliellum. 

Cyphoderia ampulla. 

„ troclius rar. amphoralis, 

Difflugia acuminata. 

,, Gonstricta. 


Difllugia elogans. 

„ gramen. 

Euglypha' alveolata. 

„ ciliata. 

Nebela collar is. 
Plagiopyxis callida, 
J^hryganella hemispherica. 
Trinema lineare. 

Heliozoa. 

Acanthocystis turfacea. 
Actinophrys sol. 
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Order AMCEBIJJA. 

The species recorded belonging to this Order consist almost entirely of the 
genus Amwha : they are local in their occurrence, in some places plentiful, 
in others scarce, but this may be in part due io the method of collection, 
which was not directed particularly to insure their (*aj)turo ; no very large 
individuals were seen, and many of the small ones had the appearance of 
being immature and their identity was doubtful. 

[tJockerell (12, 1911) records this genus us Aviiba {ride Stiles & Hassall, 
Bureau of Animal Indusir., U.S. Dept. Agric,, Bull. 79, 1905, p. 3b).] 

Order (JONOHULINA. 

Genus Aucella, Khreid>erif, 

Nine s])ecies and two varieiies are reconled in this genus ; the limits of 
some of the species are somewhat vague and nr.iy include forms which are 
entitle<l to specific or varietal names. The life-histori(‘b of some of the forms 
are required to clear nj) doubtful points. A general tendency for the 
apertures to hccome orenulate was observed. 

Aiicella akgclosa, Pertt/. 

A. milgaris var. Leidy, pb iigs. 8- 18 (30). 

A, evstaia (Elireiib.), I’eiiard (36). 

Not eoinmon, and sonudJines closely approaching forms of A, niitrata. 
Diameter 84-100 fju ; aperture al)out diameter. 

A. ARENARTA, Greej)\ 

A. microstovm, Pen. 

A, aureola, Maggi. 

Recorded from Good Ground only : diameter about 80 fi ; aperture 
^ diameter. 

Distribution, Long Island, N.Y.; Cana<la (39); (V)lorado (35). 

A. ARTOORBA, L(4dl/. 

(30) pi. 30. figs. 1--9. 

Often numerous : in one individual the pores around the aperture were 
occupied by nodules or buttons 2'5 in diameter and projecting internally 
1-75 fjL (PJ. 12 . fig. 1). 

Diameter 120-230 /a; aperture 23-47 ; height 50-63 fju. 

Two individuals from Augusta, Ga., had apertures 65 fx diameter. 

A. DBNTATA, Ehrevberg, 
stellan's, Perty. 

Leidy, pi. 30. figs. 10-19 (30). 

This is a scarce species and is recorded only from Good Ground, where it 
occurs in a small pond at the head pf Smith's Creek. 
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The processes are usually nine in number, occasionally twelve ; the various 
forms depicted by Leidy were found, except those with a flattened c)*own. 

Diameter 120-130 ya ; aperture 35-40 /a. 

Distribution. Long Island, N.Y,; New^ Jersey (30); Pennsylvania (30); 
Michigan (41) ; Ohio (28). 

Arcella DTSCOiDBS, Elirenherg. 

Leidy, pi. 28. tigs. U-21, 2:1-29 (30). 

Generally distributed hut not very numerous. 

Size variable, l)ut usually 130-1 GO /a in diameter ; aperture 00-80 ; 

Indght about one-third of the diameter. 

An individual from Lakehurst was similar to Loidy’s fig. 21 : diameter 
52 /A ; height 17 /a. 

A. nEMi8rH3:RJ0A, Periy (36). 

A. vuh/ariSf Ehrenb. pars, Cash (10). 

Not common ; diameter 42-50 /a. 

A. MITRATA, Leidy. 

Iwcidy, pi. 29. tigs. 1-24 (30). 

Abundant in sphagnum, especially at Lakehurst. The structure of the test 
is similar to that of A, tmlyaris, but the alveoli (0*8 /u. diam.) are surrounded by 
six small pores (?) making a pattern similar to that on one form of (h/plw-- 
deria [vide 45. pi. ii. fig. ]0/>) ; Cushman & Henderson (18) gi\;i 0 micro- 
photographs of it. 

Diameter 70-176 /a ; aperture 22-50 /a; base 50-120 y , ; height 55-150 /a. 

The tost may he circular or polygonal ; the ^i])erture may he with or 
without a secondary invagination and it may be circular or crenulate ; there 
appears to he no interdependence among these A^ariatiojis. 

A. ponypoRA, Penard (86). 

Leidy, pi. 28. tig. 22 (30). 

Not uncomnioii in Split Kock Lake and Van Corthindt Park ; the largest 
individuals probably belong to a distinct species. 

Diameter 230-340 y ; aperture 126-190 y. 

A. VULGARIS, Ehrenhery. 

Leidy, pi. 27. figs. 1-3, 5-14, 17, 20-22 (30). 

This sf)ecies is not very plentiful ; the test consists of a chitinous envelope 
stiffened externally by bars 0*8 y apart, disposed in three parallel row^s 
inclined at 60® from each other. Tlii.s structure is described by Penard (36) j 
Oushman & Henderson (18) give microphotographs of it. As in the case of 
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A. mitrata^ there is a saperRcial rfjsoinhlance to tho pattern on the tests of 
some forms of (!j/plioderia cuiijudhi (yule 45. ])]. ii. fig. 10 d), 

IJiameter 80-157 ; aperture 18-35 /a. 

Var. GIRROSA {Ppu.\ West. 

A, vulf/aris pniv, licidy, pi. ’27. figs. 16, L^3-35 (30). 

Generally distrilmted I)iit never numerous. Diameter 50-82 /a. 

Var. COMI’RKSSA, Cash (10). 

A. artorrea, J^eiiard (36). 

A. vulynris jinrs, I^fddy, ])1. 28. figs. -1-7 (30). 

Not common, but of normal size : about 120 /a in diameter. 

(xonus IVki iiocnLAMVs, Clap, Ladnu, 

Cockerell (12, 101 1) names ibis ooniis Microchlaiuus., xhe name Pseudo- 
chlamps having becm proviou.sly used for a beetle (Zool. Anzeiger, xxxviii. 
Nr. 5/(;, 15.8.1911). 

Genus Corycia, JJujaedin, 

(^)IJYCIA FLAVA, Greef, 

Not iiunnTOUS but generally distributed ; usually found in mosses. 
Diameter ()0“80 //.. 

[dsinhulfon, Georgia: New Jersey; New York ; Canada (39). 

[(Wkendl puls forward Microcorifla^^ as a name for this genus for 
reasons statiMl in Zool. An/olgor, Bil. xxxviii. Nr. 5/t5, 15.8. 1911.] 

(ienus Bulljnula, l^enard, 

lirLLLMTLA T.NDiCA, Pen, (emoiid.) J. Roy. Micr. Soc, 1907. 

Found ill sphagnum Imt not common. 

Diameter usually about 160 /a; an individual at Lakchurst measured: 
length 225/4, breadth 190/4, aperture 87 /4. 

THstrihutioa, New Jersey : Long Island, N.Y. : Canada (39). 

Genus Plagiopyxis, Fenavd, 
pLAGloCYXJS CAliLIDA, Pen. (3?, 1910). 

This species has a world-wide distrihuliou, but is easily overlooked owing 
to its having the appearance of a spheroidal form of Iddiugia coastricta or 
some other species with a similarly shaped test, but a careful examination 
of the aperture, which is often difficult to locate, will reveal its identity. 
Diameter 90-1 10 /a. 

' Distribution. Switzerland [Penard) ; British Isles (45) ; New Zealand ; 
Australia ; British Columbia (38) ; Borneo, 
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Genus Difflitgia, Leclerc. 

This genus is well represented both in species and numbers o£ individuals ; 
one new species, J}, Leidyi^ is recorded, 

Difflugia arccla, Leidy. 

Leidy, pi. 15. figs. 34-37 j pL 16. figs. 30, 31 (30). 

This species, which is in an anoinaloiis position among the Dtfflugiw^ has 
been removed by Tenard to the genus Trigonopyxis, gen. nov. ; in future it 
should be known as arcula (Leidy), Fenard (Rev. Suisse Zool. 1912). 

It is abundant in sphagnum and damp mosses. 

Diameter 70-140 p. 

D. BAOILLARIAUITM, /VW//. Var. RLKGANS Cusll (10). 

1), acuminata pars, Leidy, pi. 13. figs. 23-26 (30). 

On PI. 12. figs. 2 & 3 is shown a form which is abundant at Lakeliur.«t. 
The te.st is almost entirely composed of diatom frustules ; in broad view it is 
two-horned, in narrow side view it appears normal. 

Length 110-130 / a ; breadth 95-105 p ; aperture about 35 p. 


D. Leil»yi, sp. nov. (PI. 12. figs. 4 k 5.) 

Leidy, pi. 16. fig. 36 (30). 

Test of medium size, composed of siliceous particles with an admixture of 
vegetable materials and sometimes of diatoms, circular or subcircular in 
transverse section : tlie fundus furnished with two (rarely three) horns 
arranged symmetrically in one plane ; aperture circular, bordered by small 
siliceous grains. Plasma and pseudopodia normal. 

Length, not including horns, 100-110 p ; breadth of body 78-80 p ; nock 
35-40 p in diameter ; horns 30-40 p in length. 

llahitaL Submerged sphagnum. 

.Distribution. New Jersey. 

Leidy ( 30 ) illustrates a test of typical form, the only one he observed ; at 
Lakehurst it is not very rare. 


D. OBLONGA var. CORNUTA, Leidy. 

Leidy, pi. 12. fig^. 17, 18 (30). 

An individual of this variety found at Lakehurst measured : length (in- 
cluding horn) 240 /i, breadth 120 aperture 32 /a, with a single horn 50 p 
in length. Leidy^s fig. 18’ represents it very accurately, with the exception 
of the horn, which is smaller than on the Lakehurst specimen. 
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D. OVIFORMIS, Cash (10). 

Numerons in Van Oortlandt Park and Long Island, with apertures evenly 
three- and fonr-lobed (46). 

flabitat. Ponds and lakes. 

Length 70-80 

J). cratera, Leidy, represented by empty tests, is plentiful at Lakehurst 
and in New York City water-supply, but Leidy’s supposition is undoubtedly 
correct that it is a ( Hliaie allied to the genus Tintinnus, probably Codonella 
laeustns, Entz. 


Genus Cucgrbitella, Petuird (36). 

Cuor^RjjiTEiiLA MEsriuKoitMis, Penard (36). 

D, lobostoma paa’s, Leidy, pi. 16. 7 (30). 

Occurs in Van Oorhlanclt Park, but is rare ; Ibis, however, may be due to 
the method of collecting ; in a pond in Yorkshire it was not seen, although 
nuinorous gatherings liad been made, until during a drought it was found 
plentifully in the muddy sediment. 

Length about 100 /a; diameter W /i. 

It lias been found in the Western States by Edmondson (private letter). 

Genus CiiYPTODiFFniJtaA, Penard (36). 

C'RYrTODIFFLrGlA EllOIlAOENSIS, 11 a*7^>.v (46). 

Found only in Peniiej^< and Trout Ponds, Good Ground, whore it is not 
uncommon in sjdiagnum. Many were seen in an active state. (Colour 
reddish brown. 

Length 2(1-28 brcnulth 14-lC fx i thickness 12-14 fi ; ajierture 5-6 /x. 

T/istribution, Long Island, N.\.; Alaska ; Great Britain (46). 

(J. COMI’RESSA, Penard (36). 

Only two individuals were seen in sphagnum, and they were unusually 
small. The psoudopodia were not observed. 

Length 13 /x ; breadth 9 fx ; thickness 5 g. 

Trout Pond, Good Ground. 

0. OVIFORMIS, Penard. 

Not common V.” some of the tests were noticeably compressed. 

Length 14-20 fx ; breadth 10-14 /x ; aperture 3-4 /x ; nucleus 3*5 /tx in 
diameter with a central nucleole. 

Distribution. Lakehurst, N.J,; Good Ground, LJ. 

/ Genus Nebela, Leidy. 

In the localities visited which wore devoid of sphagnum few species or 
individuals of this genus are to be found, but in the Cedar Swamps of 
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Lakehur.^t, N.J., and around the ponds near Grood Ground, LJ., the sphag- 
num is inhabited by many individuals and species ; some species that are 
unknown or very rare in Europe are there quite niinioroiis or not uncommon. 

The following may be osperially noted : — On Long Island are found 
iV’. cmdata and N, equicalceiis, the latter of a special form, also uninteresting 
series of curved varieties of several species. At Lakehurst are found the 
three species with beaded apertures that form a com})act group, viz. N. teuella^ 
JS\ griseola^ and vratera ; also N. ansata ; N. vitrcva s]). ver., together 
with a variety having a test bearing curiously arranged angular plates, and 
A", srutellata inhabiting a test formed entirely of small quadrangular plates. 
In both localities arc found AT. harhata^ A\ carinaia^ N. gradlu^ and 
N, tubulafa. 

Species which liave been recorded from North America that wore not 
observed were N. higibbosa, JS\ lageaiformis^ and A", vas (39). 

The numerous curved tests which arc found at Peiiney^s Pond, Good 
Ground, suggest many i)oints of interest. In addition to X. solium var. retoria^ 
Lcidy, two other species, Xebela americaua and Quadnila sgmmelrira^ are 
found there presenting tlie same modification; this variation must he of rare 
occurrence as Leidy records only a single test of this kind, and 1 am not 
aware of any other record ; the association of so many in one limited habitat 
suggests that this form may he induced spoi’adically by certain local 
conditions. 

Light is thrown on tlie question of the origin of the fdates with whitdi 
the construct their tests by the oecurrenccl^at Good Ground of tlie 

tests of X. equiralceiis anti X, collaris containing, and sometimc,s largely 
composed of, the scales of Kughjpha dejifirulata var. minor^ including (^von 
spines with the basal scales still attaclied ; at Lakehiirst, on the otlier hand, 
are found X. nciUellata and forms of X. vhrtM with tests composed of 
quadrangular or angular plates which can hardly hiiv6 Imd a foreign origin. 

Nebela AMERICANA, Tardnel\ 

Sitzber. buhm. Ges. Wiss. 1881 ; Abb. bohm. Ges. Wiss. xi. (1882), pi. 3. figs. 15, 1C. 

N, coUaris pars, Leidy, pi. 23. fig. 7 (30). 

N, atnencanaf Cask k Hopk., pi. 31. figs. 15^18 ( 10 ) ; Peiiard, p. 363, figs. 4-6 ( 36 ). 

The identification of this species jiresents certain difficulties. As first 
described by TaiAnek it is glabrous, not compressed, and intermediate in 
outline between X\ barbata, Leidy, pi. 24. figs. 14-17, and figs. 18 & 19 
{X. tubulafa^ Brown). The only Xebela^ with which I am acquainted, 
answering to this description is longicolliit, Pen., whicli is rare. A much 
more common species having a compressed test, wedge-shaped in broad 
view, has been generally 'accepted us the one which Tardnek had under 
observation. To exchange the names now would only cause confusion and 



FllOM NEW YOltK, NEW JEttSEY, ANt) GEORGIA. 


135 


sorve no good purpose. I have, therefore, here recorded as ^V. americma a 
species answering to the following description : “ Tost wedge-shaped in 
broad view, rounded at the apex in narrow view, with a thickness equal to 
about two-thirds of the breadth and 120-175 /t in length,’^ as illustrated 
by Cash & Hopkinsoii, pi. 31 (10). 

Length 120-IG8 fi ; breadth 60-90 fx ; aperture 20-23 fi ; Uiickness 
40-50 fi, 

Dhtrilmtion, Absecoin [Leidu') and Lakehurst, N.J. ; Wood Ground, 
Long Island. 

Var. FALOATA, var. nov. 

Many of the curved lests found in Penney's Pond, L.I., agree in si^e and 
structure with normal individuals of this species found there, but the specific 
characters are so modified that general characteristics must be relied on for 
their identification, and it is possible that the largest of these forms may bo 
deri\od from ^V. tuhulosa. 

Length 130-170/4. 

N. ANSATA, Leidy. 

Lt*i<ly, pi. lio. 1 8 (30). 

At Lakehurst not uncommon in submerged .‘Sphagnum. 

Lrnigth 217-242 fi ; breadth, of body 94-110 /t, over horns 130-160 / 4 ; 
aperture 40-45 /4 by 27-31 /4 ; thickness 60-70 /4. 

N. BARBATA, Leidy. 

licidy, pi. 24. figs. 14-37 (301. 

This species is distingui.4ie.d from all other specie'^ of JSi bela by tin* fine 
cilia scattered over the surface of the test; they are of uniform diameter, 
terminating in truncate ends, 10- 18/4 in length, less than 0*5 /4 in diameter. 
They are unaffected by cold sulphuric acid and become invisible in oil of 
cloves and in Canada balsam. 

Length 112-126 /4 ; breadth 40-50 /4; aperture 12-17 /4 ; thickness 
35-40 /4. At Good Ground one individual measured only, length 80 / 4 , 
breadth 35 /4, aperture 12/4. 

Bistrilmtioiu Lakehurst; Absecom (Leidy), N.J. ; Good Ground, Long 
Island ; British Isles ( 3 , 10 , 45 ); Sierra Leone (coll, by Major AVailes). 

N. CATJDATA, Lehiy. 

Leidy, pi. 26. figs. 21-24 (30). 

Found in sphagnum on the borders of Trout Pond, Good Ground ; it is 
rare and the proportion of living individuals observed >vas small ; some ha\e 
been kept alive in spbagiuim during the winter, but up till the time of 
writing they have refused to hecomo active. 

LINN. JOURN. — ZOOLOGY, VOL. XX XII. 
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Length 80-84 ; breadtli 60-68 fi ; aperture 20 fi. KSiunes 4 or 3 in 

number and 16-20 fi in length. 

Nucleus about 12 ft in diameter with a large nucleole. 

Diairibidion. Long Island^ N.Y. ; Absecoin, N.J. (Leidy) ; Nantucket 
Isl., Mass. ( 18 ); Ohio ( 28 ); Tlritish Columbia (30) ; Scotland (ilfurmy) ; He 
Macquarie ( 39 ) ; New Zealand ( 30 ) ; Australia ( 39 ) ; Gough Lsl. {l^enard). 

Nkbela CARINATA {Archer)^ Leidy. 

Leidy, pi. 24. figs. 1-5, 9, 10. 

Often numerous in submerged sphagnum. 

Length 200-260 ft; breadth 135-160 ft; aperture 30-40 ft; thickness 
63—73 ft. 

N. coLLARTS (Ehrenb.), Leidy. 

Leidy, pi. 22. figs. 1-10, 1:1-15, 17-20 (30). 

Not abundant; length 100-130 ft. 

Var. RETORTA, Leidy. (PL 12 . 6gs. 6 & 7.) 

Leidy, pp. 151, 289, fig. p. 151 (30). 

Tests answering to Leidv’s description and drawing arc not uncommon in 
Penney^ Pond, Good Ground, the only locality in which f found Hi(‘m. 
They are nut merely curved tests but are modified to such an extenf as to 
veil the sjHicific cliaracti'risties. The curvature takes place in the ]»lane of 
th(* great<‘st \vi<lth and is generally greater than in Leidy's drawing (pr 151) ; 
in narrow view is no curvature and the tests are compressed. The 

aperture, which is not notched, loses its smooth outline and is bordered by 
circular or oval plates. 

Accompanying the JSebelw was a similar form which could without 
hesitation bo referred to Qaadmla the typical form of wdiich is 

uiimorons there. Two s})e(des of Nebela seem to he thus modified, viz. 
JS\ collaria and jV. ameriaatu, and the latter in its typical form is much the 
more numerous. The occurrence together, in fair numbers and in a single 
limited habitat, of these special forms seems to indicate that local conditions 
have a controlling influence in their formation and that they are not auto- 
nomous species but sporadic varieties locally induced. 

Length 130-170 ft; breadth 52-97 ft ; aperture 26-39 ft. Leidy observed 
a single individual only, length 144 y,. 

N. CRATEKA, Sp. nov. (PI. 12. figs. 8 & 9.) 

Test of moderate size, not com})ressed, pyriform, neck small and parallel; 
aperture bordered by a prominent collar semicircular in section. Plasma 
and pseudo})odia normal. 
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Length 120-135 fi ; diameter 74-80 ^ ; neck about 30 diameter and 
30-35 fi in length. Aperture 25-35 /a in diameter ; collar 30-40 fi in 
diameter. 

Habitat. Submerged sphagnum. 

JDistnbution. New Jersey. 

This species belongs to the group of which JV. tenella and J\'. griseola are 
the other members, but it exceeds them in size and is of quite distinctive 
shape. The test is formed of angular plates mixed with a few circular 
plates and diatoms ; it is of a dark colour, more or less opaque, and is very 
fragile. It is circular in transverse section. 

N. DENTISTOMA, Penavd. 

Leidy, pi. 24. %. 12 (30). 

Typical individuals of this species occur only sparingly, and varied in 
length from 00 /a to 110 /a, with a bn‘adth e([ual to of the length. No 
circular or iV. /?rt5/?//?//v^??/-shaped tc^sts w<'i*e observed. 

Var. LAcrsTRis, var. nov. (PI. 12. fig. 10.) 

? N, collaris pars, lAddy, pi. 21. lij;. 11 (30), 

Test larg<‘, pyriform, compressed, formed of angular siliceous plates and 
grains of various sizes ; with a small neck and aperture broadly oval. 

liength 120-20(1 ya ; breadth 100- M3 ya ; aperture 25-45 ya ; thickness 
64-90 ya. 

.Diafribution, Lakiduirst. N.»l. : Augusta, (-Ja. 

This variety excofnls in size ev(*rv other of tin* numerous forms of this 
s[)Ocies aiid apj)ears to be a link with the large A. IVn. sp. ver. ; its 

size also <listinguishes it from N, 13ro\Mi (3. 1. 7^-82 ya). 

The test illustrated by Leidy, pi. 24. fig. 11, taking as correct the gi\en 
magnification ( X 250), measurf'^i 208 fi in length and 152 ya in bn^adth, which 
nearly agrees with tlie Lak(‘hurst sj)ccimens : the given measurement of 
another, viz. length 100 ya, hreadtii (18 ya, is very like S. srotirUy Brown, hut 
the thickness given, 20 ya, seems improbable. 

N. EQUICALCKUS, Leidg (31, 1874). 

hippocrepisy Leidy (30), pi. 24. tig. 13: pi. 25. figs. 0 14. 

This is a scarce species ; it is found in PenneyV Pond, Good Ground. Leidy 
illustrates two forms : one (pi. 25. figs. 9-14) ])rovided with a solid carinu 
extending around the fundus, the other (pi. 24. fig. 13) without this carina ; 
only the latter of these two forms w’^as seen. The development of the internal 
processes varied somewhat. 

JHmensiona, Length 203-235 ya ; breadth 126-142 ya ; aperture 38—45 /x ; 
thickness 72-80 ya. Length of horns when well developed 35-60 ya, 

12* 
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The test is composed of plates of various shapes and sizes ; sometimes they 
arc large, circular and imbricated, or they may bo small and separated from 
each other. Some were found with tests largely composed of the scales of 
Eiujlypha creniilata var. minoi\ wliich were quite perfect and easily recog- 
nisable, as they differ slightly in shape from the scales of E, rrenulata, a 
species not recorded from (too<1 Ground {cide PL 12. fig. 38). 

Nerela gracilis, Penard (37, 1910). 

N. colUtris p'‘T8, Leidy, pi. 2R. ligs. 4-6 (30). 

N, ynlmta pars, Penard, p. figs. 4, 6 (36). 

Described only recently by Penard, this species is not uncommon at Lako- 
luirst and Good Ground. Leidy represents it very faithfully in figs. 4 and 5 
(length 110 /i), but in th(‘- end view fig. 6 the sides appear to have been crushed, 
usually they are flattened but not concave. At Lakelmrst it is found in a 
very handsome fonn u]) to 130 in length; at Good Ground it is of normal 
size, 97-110 in length. 

Dimensions. Length 97-130 ya; l)readth 42-65 ; aperture 14-23 fjb\ 

thickness 25-40 p, 

Ilahitat. Submerged sjdiagnum. 

Distnbvtion. Absecom (Leidy) and Lakehnrst, N.J. : P(‘uuey’s Pond, 
Good Ground, L.I. ; Switzerland (Penard), 

N. GIUSEOLA, Penard (39). 

Clare Island Survey, figs. 25 «-// (45). 

This species, recently described by Penard fron) Australia and from 
Ireland, is found at Lakelmrst in association with the two other sjiecies of 
Nehela possessing beaded apertures, iV. tenella. Pen., and *'V. cratera^ sp. nov.; 
usually larger than the former, at Lakelmrst they -jire of nearly equal size, 
but ean be distinguished from one another by the greater compression of the 
test of jS\ fen(dla. 

Length 80-85 ya ; breadth 53-60 ya ; aperture 16— 18ya in diameter ; thick- 
ness 43-50 fi. 

JHstrilndiotu Lakelmrst, N.J. ; Australia (39) ; Ireland (46). 

N. LONGIOOLLIS, Penard (34). 

This species is distinguished from AL ame^icana by the slight compression 
of the test and the elongated neck. It is much smaller than AL tubulosa 
and of slighter proportions. 

Length 133-140 fi breadth 45-52 ya ; aperture 20 ya ; thickness 40-48 ya. 

Dutrilndlon, Colorado (35); New Jersey; Switzerland (36); Australia, 
New^ Zealand (39). 

At Lakehurst it is rare; it has a resemblance to E, barhata, Leidy, but is 
glabrous, more robust, and has a shorter neck. 
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N. MAROINATA, Penard (36). 

N, tarmata pars, Loidy, pi. 24. figs. G~8 (30). 

Not common, only a few individuals being found in sphagnum at Lake- 
hur.st. Length 150 breadth 115 fi ; aperture 40 /x. 

N. MINOR, Penard (38). 

N, coVaris pars, Leidy, pi. 22. ligs. 11 , 12. 16 (30). 

Found in New Jersey sphagnum. Lcngtli 80-90 fi, 

N. MiRlTARls, Penard (34). 

Hyalosphenia tincta ])ars, Leidy, pi. 20. lig. 18 (30). 

Generally distributed l)ut not abundant. J^ength 65-80 /x. 

N. PAUvrLA, Cash (10). 

Found in dry sphagnum and moss. Ijongth 74-84 /i. 

N. TBNELLA, Penard, 1893 (36). 

This species is found in splungnum and occurred numerously in a sample 
from Now Jersey ; the size was above normal and aj>proached that of 

(/riseola, a sj) 0 cies from which its greater compn^ssion servos to disiiu' 
giiish it. 

Length 68-84 /x ; breadth 45-60 /x ; aperture 13-17 yx; thickness 30-39 /x; 
collar 20-28 fi in diameter. 

N. KCITTELLATA, sp. nov. (PI. 12. figS. 11 & 12.) 

QuaHrula st/mmefrica pars, Leidy, pi. 24. fig. 25 (30). 

Test modcu’ately large, hyaline, pyriform, compressed ; composed of small 
siliceous, rectangular plates arranged in irregular rows, while smaller 
rectangular plates may bo superimposed at the juuclions of the larger plates ; 
margin of aperture ofton irregular ; plasma and pseudojmdia normal ; 
nucleus small with several nucleole.s. 

Length 120-135 yx ; breadth 74-90 yx ; aperture 21-30 yx; thiekuess 
nearly two-thirds of the breadth. 

Hahitat. Sphagnum and wet mo.ssos. 

Distrihvtion, New Jersey ; the Seychelles. 

The test of this species rc.seinbles, in its possession of small superimposed 
plates, a form of N. rhnra which is found at Lakehnrst and showui oil ri. 12. 
figs. 15-17; it also bears a great resemblance in structure to J!s\ trojnea, 
PI. 12 . figs. 33 & 14. 
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Tn the Seychelles (fig. 43) it is found without the small covering-plates, 
blit having an admixture, usually 5 to 10 per cent., of circular discs in 
the composition of the tests. 

It differs from Quadruhi aijnmetrica both in shape and structure of the test. 

Leidy^s illustration is of an individual, length 140 /x, breadth 100 /x, 
aperture 30 yx. 

Nehela tincta (Leidj/)j Awer. 

l£yalo»phenia tincta^ Leidy. 

Nehela bitrsella, Tardnek. 

Nehela hohemica, Taranek. 

PIcntitiil in all gatherings of sphagnum, hut scarce in mosses. The limits 
of this species, both as regards size and form, are difficult to define. On the 
one hand it aj)i)roaches N, collaris, and on the other JS'. flahellulum, 

N. TROPICA, sp. MOV. (PI. 12. figs. 13 & 14.) 

Test of medium size, hyaline, pyriform, compressed ; composed of 
rectangular siliceous plates ; aperture dilated in broad view, with a shallow 
notch in narrow view. 

Length 74-93 yx ; breadth 45-60 yx ; aperture 20-30 yx ; thickness 
30-35 yx. 

Hahifat. Moss. 

Distribution, Borneo ; Seychelles (fig. 44). 

The arrangement of the plates forming the test is generally more regular 
near the fundus, where they are arranged diagonally, than near the aperture. 
In the outline of the test there is a close resemblance to militarise but the 
structure and general appearance aro very similar to those of N, scvtellatae 
a species to which it is undoubtedly closely allied. Per comparison with 
Quadrnla synimetricay figures of the latter aro given on PL 12. figs. 18, 19, 45. 
The moss in which this species was first found was collected at Sarawak, 
Borneo, by J . Brook. 

N. TUUULATA, Brown (3). 

Leidy, pi. 24. fig. 18 (30). 

This is not uncommon in .sphagnum ; the form with a torulose neck is also 
frequent (46). 

Length 56-78 yx ; lireadth 28-48 yx; aperture 10-15 yx ; length of nock 
18-32 yx. 

Leidy’s fig. 18 measures 80 yx in length, but fig. 19 of a similar test scales 
250 /X at the stated magnification of x 100 ; this is probably a mistake for 
X 350, at which the test would measure 71 yx in length. 
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N. TTTiJULOSA, PenarcL 

Not abundant ; at (lood Ground the large proportion of quadrangular 
plates often present in the tests was a noticeable feature. 

Length 174-196 /x ; breadth 74-93 fi ; aperture 30-35 ya. 

At Lakeluirst an abiiormall}' large individual occurred, length 300 /a, 
breadth 150/i, aperture 40 /a, the test principally composed of imbricatijd 
discs 6-12 /A ill dianieter ; it may have been a ease oi’ j»lastogomy or double 
encystment. 

N. VITRASA, Pemird, (J^l. 12 . figs. 15-17.) 

Two individuals of large size similar to those, until now, known only from 
the deop Swiss Lakes, were found at Lakehurst : length 258 /a and 187 /la, 
breadth 135 /a and K5i) /a, apertures 45 /a and 40 /a; they had tests com- 
posed of square and angular j)lates, with apertures bordered by 8 or 9 large 
grains. 

The form usually found at Lak(4iurst is smaller, oftcui with a curiously 
constructed test (tigs. 15-17), in which circular plates predoininale mixed 
with some angular or irregularly 'shaped platen, the interstices betw^oen tbem 
being rc-euforeed by small eovering-platos soinewdiat similar to those ligiired 
by Penard (36. p. 272, fig. 4), and analogous to the ones found on the lest of 
A", sntiellala. 

Jjength 115-155 jjl ; breadth 70-100 /a ; aperture 23-31 /a. 

The small spliagiiuiii-inha biting variety of normal tyjx* and about 100 /la 
in length, as illustrat(‘d by Cash & Uopkiusun (10), is not common in the 
localities under investigation. As lias been pointed out by Penard ( 46 . p. 51 
note), this form is intenm^diute in character between aV. ritrua^ sp. ver., and 
iV. deiiiistoma^ but furthei- investigation and comparison of specdmeiis from 
various localities arc necessary in order to determine the limits of the various 
forms ; they can lie grouped, however, in a series of types which may be 
differentiated as vitraa^ sp. ver,, var. minor and var. spliagni ; all of wdiicli 
occur in association at Lakehurst. 


Genus Qitadiutla, F. E. Schulze. 

QtlADRIILA SYMMETRICA ( IVallich), F. E. Sch. (PI. 12 . figs. 18 & 19.) 
Leidy, pi. 24. figs. 20-24 and p. 144 (30). 

This species is certainly very distinct from Q. irregularis {vide Penard, 39), 
and approaches the genus Nehela very closely, a relationship which is accen- 
fuated by a comparison with such species as N. tropica and N. scuteUata. 
Length 68-120 n ; breadth 45-74 /la ; aperture 20-30 /la. 
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Distribution. (Colorado (36); Massachusetts (17); Now Hampshire (19); 
New Jersey ! (30) ; Now York ! (30) ; PoTinsylvaiiia (30) ; British (feluiiibia 
(39); Alaska. 

Var. IRREOFLAUIS, Penard. (PI. 12 . fig. 20.) 

TiCss eoinnion than type and l)clow the normal size. 

Length 140 /* or under. 

Var. CFRVATA, var. nov. (PI. 12 . fig. 21.) 

Test as in the type, but curved as in Cyphoderh ; aperture polygonal, 
formed by (5-7 plates. 

Length 80-100 /i; breadth 33-45 fi ; aperture 11-16 ; thickness 

25-28 /i. 

JHstrihutioii. Penney ’s Pond, Good Ground, 

Several living, but no active individuals were seen ; the amount of curva- 
ture of the test is subject to variation. 

[Cockerell (12, 1911) records this genus as QvadrideUa, the name 
Quadrula being preoccupied in another Philum.] 


Genus Hele(*pera, Leidi/. 

Heleopera nodosa, sp. nov. (PI. 12 . figs. 22-24.) 

lleleopera petricola pars, Leidy, pi. 20. fijps. 12, 16, 20. 

Tost large, elongate, slightly compre.ssed, the ratio of the transverse axes 
being about 3:4; apex acute, terminated by a nodular mass of large qiurtz- 
grains ; aperture bordere<l by slightly recurved lips ; plastna and pseudopodia 
normal. 

Length 152—213 /i; breadth 80—94 fi; thickness 60-75 m aperture 
45-60 ft in width. 

Habitat. Submerged spliagnum. 

Distribution. Lakehurst, New Jersey. 

Leidy (fig. 12) illuslrutes an individual of this .species broader in propor- 
tion to its length than any of those found at Lakehurst. H. nodosa is 
distinguished from //. petricola by its greater size, its elongate form, the 
acute apex bearing a nodular mass of sand-grains, and its less compression ; 
it hears no resemblance to any otlier species of Heleopera. At Lakehurst, 
N.J., it is not uncommon. 

IT. SPHAGNI {Leidi/), Ilopk. (10). 

Difflugia {Nebela) tpliagni, I.ieidy (1874) (31). 

Jletsopera pteta, Leidy (1879) (30), pi. 26, figs. 1-11, 
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This species is very numerous in tin* Lnkehurst sphugiium. Dimensions: — 
Length 116-155 fi ; breadth 90-125 fi : thickness about half the breadth. 

Var. LiEVTS, var. nov. 

Dimensions^ Length (53-95 jjl ; breadth 46-70 fi. 

Habitat. Submerged spliagimm. 

IHstrihiition. Lakehurst, N.J. 

This variety is distinguislied from the type only by its small size, from 
11. sordida by its smooth test destitute of adherent particles. At Lakehurst 
it occurs plentifull}" in company with //. sphagni. Leidy does not give any 
illustration of this small variety. 

H. PETRICOLA, Loidj/. 

Leidy, pi. 26. figs. 13, 14, IG 19 (30). 

Abundant in sphagnuju of a light brown colour ; in lakes and ponds 
frequently colourless. Length 70-114 /a. 

Var. MAJOR, Cash (10). 

The larger individuals agree with Oash^< de«cri|)tion of this variety. 
Length 120-135 p. 

Var. AMETHYSTEA, Penanl. 

Not common, of normal size and colour. 

II. ROSEA, Penard. 

Not frequent exce])t at Good Ground ; the broader t(*st and yellow lips as 
well as the rose colour ditferentiato it from the last st)ecies. 

H. SORDIDA, /V/tan/ (37, 1910). 

Not uncommon at Lakehurst and of normal siz(i. Length 62-68 p. 


Genus Awerinzewia, Svlwuleden. 

Awerinzewia oyclostoma {Penard)^ Schont. 

This species is rare ; in appearance it resembles lleleopem petricola var. 
ameihjjstea, but it is larger and has opaque while plates or grains incorporated 
with its violet-coloured test; the aperture, which is small and oval, is bordered 
by an internal thickening of the te.st. Jjength about 150 p. 

IHstrihntion. Switzerland ( 36 ) ; Ireland ( 45 ) ; Ontario ( 39 ) ; Seychelles. 
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Genus Euglypha, Dujardin. 

The stuJy of the American species of this genus has resulted in the 
addition of one new species and live new varieties, and a revision of the table 
of species published in the Glare Island Survey is rendered necessary *, 


Division I. Spines when present alwuys Modeled scales. Transverse section circular 
(cd'cept E. bryophila) and aperture circular. 


1. E. aspera, Scutiform scales ; voufjh tost. | 

"2, E. crenulatH, sp. mv, Denticulated scutiform scales ; spinos. | 

Vnr. minor, var. nor. Do. do. ; glabrous or spilled. I 

3. E. scutigora, Pen Scutiform scales ; glabrous. | 

4. E. artnata, Wailes Oval scales; spines around apex. 

T). E. alvoolata, 7%‘. ( Urcular or oval scales ; glabrous. 

Var. minor, Tardnek . . . . Do. do. 

Var. cirrata, var. mv, . . Short spines at apex. ; 

6. E. rnucronata, Leidy Single or double spine at apex. 

7. E. cristata, Leidy Spines in tuft nt apex. 

Var. major, Wailes .... Glabrous. 

Va7'. acicularis, tvir. nor. Single or double spine nt apex, I 

e. E. braeliiata, Leidy Lateral spines near aperture. j 

I ar. librata, var, fwv. , . Oar-sbaped arms near middle of test. | 

9. E. bryophila, ProM-vi Tuft of spiues at apex; test slightly com-! 

pressed. 1 


Length. 

160 - 170 ^ 

80 -ll()/i 
77 " 88 /X 
66 - 100/4 
45-100/4 
30- 46 /i 
06- 76/4 
108- 140 /* 
33 71/4 
00 - 90/4 
84- 94 /i 
93 126 p 
JOO-104/t 
36- 62 p 


Division II. Spines ^ when present ^ always articulated. 
Section A. Test compressed ^ apei'lmre circular, 

10. PI. filifera, Pcnard Long spines in single or double rows, 

T spinosa, var. 7iov. , , Spiue^i scattered over test, 

11. E. strigosa Xw/y, Thickened aperture-scales. Spines. 

/. glabra & heterospina. 

Var. muscorum, Wailes Test wider than typs ; scales smaller. 

12. E. rotunda, Wailes Thin aperture-st‘ale8 ; glabrous. 


66- 93 /t 
00- 90/4 
46-100/4 

60- 80/4 
22- 52/4 


Section B. Test compressed ^ apet'ture oval. 


13. E. Isevis, Unden ticulate aperture-scales ; glabrous. 

(May have subcircular section and aperture.) 

14. E. ciliata, Ehrenb, spec., Thin denticulated aperture-scales ; spines. 

glabra & heterospina. 

15. E. compressa, Carter y Lenticuhir section ; spines. 

f, glabra. 


22- 65/4 
40- 90/4 
70-132/4 


♦ Instances are i*are in which the identity of individuals of this genus is doubtful, 
provided the tests are in good condition and the specific characters can be clearly observed ; 
tests slightly crushed (accidentally) are to be guarded against. Active individuals are the 
best for study, but in some specieft it may be necessary to isolate and treat them with 
sulphuric acid, first cold and dilute to dissolve the plasma, and then witli concentrated acid 
aud boiled to dryness to disintegrate the U*8t into its elements. 
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Euglypha ALVEOLATA, Du). 

Leidy, pi. 35. fig, 14 (30). 

Under this name Loidy includes a wliole group of species, and subsequent 
American workers liave followed his classification and have generally failed 
to specify which of the various forms illustrated by Leidy they have found. 
In gatherings from over 40 counties in the British Isles no spined form of 
E, alreolaia was seen bv me, hni in the United States a form occurs which is 
undoubtedly E, ulveolata^ and is furnished with one or two short scale-spines 
at or near the ajiex ; the ])resence of these seale-spines shows that this S[)ecies 
is a member of the group of Einjli/[>hr belonging lo Di\ i>ion I. in the tal)le, and 
is quit(^ distinct from species that bear articulaled ^pines. U may also be 
pointed out that it is only among the species belonging to Division J. that 
two rows of denticulated apei ture-scales are present. The following is the 
description of E. alreolata : — 

Test of medium size, (‘longate oviform ; not euinpressed, glabrous. Body- 
scahis circular to broadly oval. Aperture cinmlar, bord(‘red, generally, by 
two row's of fimdy denticulated scales, tS~12 in each row. Nucleus 10-15 /i 
diain., with a single niicleole. Dsoudopoilia h^w, long, and radiating. 

.Dimensions, Length 45-100 /x.; breadth about half tlic‘ length; aperture 
0*4 to 0*5 of the breadth. 

Var. MINOR, Tardnek*. 

Similar to tlie type but smaller. Length .‘50-15 fi. 

The body-scales are oval ; it is iiuicli less common than llu' typo. 

Var. ciRUATA, var. nov. (PI. 12. tigs. 25-27.) 

E alveolata pars, Lpidy, pi. 35, tigs. 5, 9 (30). 

Test as in the tyi)e, but the fundus furnislied with one or two short scale- 
spines; aperture usually bordered by tw'o rows of denticulated scales. 
Nucleus and pseudopodiu normal. 

Ijength GO-75 fi; diameter 0’4G-0‘5 length; aperture 13- 14 /i ; spines 
10-17 fM in length. 

Disirihution, Split Bock Lake, N.J. ; Pennsylvania {Lehitf), 

In the United States the breadth of I his variety, and also of the type, is 
generally less than lialf the length of the test, whereas in Europe it is 
generally more than equal to half the hmgth. Two [)airsof this variety were 
seen in conjunction, and in both cases the individuals of each pair were 
similar. 


* Sitzungsb. biilim, Ges. der Wiss. 1881, p. 233 (1882). 
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Euglypha brachiata, Leiihf (31). (PL 12 . 6gs. 28 & :W.) 

Leidy, pi. 87, figs. 6, 6, 8-10 (30). 

This species has from two to six tapering spines arising from scales in one 
or more of the first three rows of scales adjoining tlie aperture ; rarely, a 
second series is also j)resent {vide Leidy, pi. 37. fig, 6) ; the distance bctv\oen 
their origin and the aperture usually varies from 10-20 ; the spines are 

from 50-65 fx long and 2 fx in diameter at the base, tapering to a point. Those 
found by Penard at Vancouver (39) had the spines modified into flat ribbon- 
like appendages (fig. 30/>), and one found at Ijakeliurst also had the spines 
ftattened to Sfx wide and 1 fx thick with thickened extremities (figs. 30 c, c'). 

Dimensions, Length 87-1 23 /x ; diameter 28-39 fx ; aperture 19-13 /x. 

Ilahitat. Submerged .sphagnum. 

JJisiribution. N(^w Jersey ! (Leid//) ; Roan Mountains, Va,. (Leidy, 30) ; 
Wales and Ireland (G. S. West^ J. Linn. Soc., Zool. xxviii. p. .328, 1901) ; 
British (k)lumbia {Penard, 39). 

Var. librata, var. nov. (PI. 12 . figs. 29 k 30 a.) 

E, brachiata pars, Leidy, pi. 37* fig. 7 (30). 

Test a< in the type, but furnished with two to four lateral appendages 
arising from near the centre of the sides, their free ends widened into 
oar-like blades. Nucleus and pseudoj)odia normal. 

Length 100-104 fx ; diameter 32-35 fx ; aperture 13 fx ; arms 35-38 fx long, 
1 fx diameter, widening to 2*5 jx at the extromitios. 

Ilahitat. Submerged sphagnum. 

Distribution. Now Jer.«»eyl {Leidy) ; Roan Mountains, Va. (Leidy)^ 

Much less common than E. brachiata, of which at least twenty were seen 
for each one of var. librata ; also less variable in size and number of arms, 
which generally consist of two only. 

E. cristata, Leidy (31). 

Leidy, pi. 37. figs. 1-4 (30). 

This species, found in moss and in lakes and ponds, varies between the 
following dimensions : — Length 34-70 /x; breadth 12-24 /x ; aperture 5-9 /x. 
With an average size of ; — Length 40-50 /x; breadth 14-17 /x. Onlj one or 
tw'o individuals above or below these limits were found ; the tuft of spines at 
the apex is sometimes absent. 

Var. MA.TOR, Wailes (46). (PI. 12 . fjg. 31.) 

• 

The test of this variety is generally larger than the type, less contracted 
towards the aperture, and usually devoid of spines. The plasma and pseudo- 
podia are normal, Length 60-90 /x ; diameter 20-30^; aperture 10-14 ix. 
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IHstrihution. Lnkehurst, N.J. ; Lon^ Island, N.Y. ; Scotland (Orkney 
Islands) ( 46 ) ; Ireland (Mayo) ( 45 ). 

Those found at Lakeliurst. measured from 70-90 in lonf»;th and are 
broader than the Kritish variety ; those found at Ciood Ground, Ijon<»' Island, 
were ()()~70ya in length and smaller than the British. 

Var. AOiouLAUis, var. nov.* (PI. 12. figs. 32 & 33.) 

Tost larger than in the type, the fundus rather more acute and furnished 
with either one or two erect spines, which may be flexuous ; the spines when 
solitary often coinciding \\ith the longitudinal axis of the test ; })lasma and 
pseudoi)odia normal. 

Length 84-94/4; diameter 23-24/4; aperture 12-14/6; spines 23-42/6 
in longtli. 

Ifahitat, Submerged sphagnum. 

Distrihtfilofi. (3aro Island, Mayo ; Tnislibolin, Galway ; Ireland (46) 

The spines of A', miwroiutla^ Leidy, originate in scales at the extreme apex 
of the test^ which is prolonged into a sharp cone, whilst in the variety under 
consideration the scab's furnishing the spines are below the ai)ical scales and 
the flexure necessary in order to bring a spiiK' coincident with the axis of the 
test is a littl(‘ distance above its base. 

El^tiLYRHA crenvlata, sp. iiov. (PI. 12. figs. 34-37.) 

IC, aheolata pars, Leidy, pi. 35. figs. 2, 3, 4, 15 18 (30). 

Test large, not compressed, either elongate-oviform or with sides tapering 
from the bcMiiisplierical fundus in nearly straight lines to the aperttirc. 
Fimdu.s furnished with 2-15 >tout scal(*~spines arising at nearly equal distances 
from tin* apex. Aperiure circular ainl bordered hy two rows of finely denti- 
culated s<*ale.s, 12-14 in eacli row. The body-scales sciitiform, with creiiulated 
lower margins. Isucleus larg<*. ])laced posteriorly ; p&endopodia normal. 

Lengtli 11.5-140/6; diameter 07-77/6, Aperture 25-30 /6. Length of 
spines 20-50 /6. Body-scales 10-12 /6 long. Nucleus about 35 fj, in 
diameter. 

Hahitat. Submerged sphagnum, lakes ponds, kc. 

IHstrihution. New Jers(»y ! {Leidt/) ; New York State, Long Island; 
Pennsylvania (Leidi/). 

Distinguishhiff feat ares. Is distinguished from E. snitiyera and E. armata 
by its creiiulated scutiform body-scales and its greater size ; from E. a.^pera 
by its smooth test and usually smaller size, 

Hemavks. This species appears to be represented by Leidy, pi. 35. figs, 2, 

8, 6, 15-18, but tlie low^er margins of the scales are not shown even in fig. 18 ; 
the form represented by his fig. 3 is perhaps the most commou, at any rate in 

* The Roy. Irish Acad. Report Xo. 65 of the Clare Island Survey was in tho press when 
this variety was found and its description could not be included in that paper {op. dt. pp. 40 
and 62, notes). 
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some localities. These tests, when empty, are characterised by the peculiar 
optical effect of the small circles formed by the imbrication of the scales at 
their upper and lower edges ; in living individuals the outlines of the scales 
are obscured from view' by the plasma. 

The form of the spines is subject to the same variation as in E, armata : 
they may be either (a) short and truncate, (h) short and pointed, (c) long and 
straight, or (d) long and flexuous ; they arc sometimes incurved. Tests 
destitute of spines are occasionally found. 

Leidy, pi. 35. fig. 2, shows an individual U!() in length (none were seen 
by me over 140 fi\ but it may represent a double-sized encystinent test. 

Var. MINOR, var, nov. (PI. 12 . fig. 38.) 

Test similar to type, but smaller and usually destitute of spines. 

Length 80-110 fx ; breadth 45-04 fi : aperture 16-20 yit. 

ffahitat. Lakes and ponds. 

Distribution. Split Pock Lake, N.J., and Ijong Lland, Is’.Y. 

Is usually glabrous, but wdien provided with spines only distinguished 
from E. armata by the shape of th<' body-scales. 

The body-scales are somewdiat different in shape from those of the type; 
they arc shown in fig. 38. AVhen incorporated in the tests of Nehela rnllaris 
md N. equicalrens they are display ed with jairfeet. distinctness, and can be 
observed even better than wdien artificially isolated. These scales arc 
generally 11-12 fi in length, but the width varies according to the position 
they oc(;nj)y on the test, those eentrally jdacf'd being the widest. ^ 

ElMiLYeilA FILIFEliA, /Vy/. (34). 

7?. ciliata pars, Loidy, pi, 30. ligs. 7, 1 1 14 ; pi. 37. Hg. 28. 

Tlie test of this species as i’ouml in Europe is oviform in shape, and the 
spines are di.stributed at regular int(‘rvals in a single row ; the compression 
of the test is slight, the ratio of the transverse* axes not exceeding 4 : 5. In 
the United Stales the following forms are found : — 

(a) Test similar to European ty])e (Leidy, pi. 3(5. Kg. 7). 

(b) The spines are du])Iicated and arranged in a double row' or rarely 

irregularly (Leidy, pi. 30. figs. 11-13). 

(c;) The test is constricted near the aperture and is more compressed, the 
ratio of the transverse axes being 2 :3 (Leidy, ]»1. 30. fig. 14). 

((i) The testis of typical form but sparsely covered wdth scattered spines — 
var. spinosa^ var. nov. 

The forms (a) and (/>) occur at Lakehurst an<l at Good Ground, L.l. 
Dimensions : Ijcngth 73-93 p ; breadth 30-42 p ; a|)erture 10-15 fi. 
Transverse section from subcircular to a ratio of axes of 4 : 5. Spines 
20-30 fi long. 
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Form (a) is found at Good Ground, L.I. Dimensions : Length 48-58/^ ; 
breadth 24-29 /t4; aperfure 7-JO /it; thickness tvvo*thirds of the breadth. 
Spines 18-2(5 long, arranged in a single row. 

Var. sriNOSA, var. nov. (1*1. 12 . fig. 39.) 

P-E cilifda var. strufosa pars, Leidy, pi, R5. tig. J9 (30). 

Test like type, but furnisliod with s])incs sparsely scattered over the 
surface of the test. l*lasiiia and pscudoi)odia normal. 

Length (>0-90 /u. ; breadth 2(5-40 ya; aperture 10-15 ya ; thickness 
0’8 to 0*9 ya. >Spines 10-30 ya in length. Scales about 9*5 ya by 4*5 ya. 
Nucleus 12-14 ya in diameter. 

JIahitat, Submerged sphagnum. 

Diairihution, New Jerst^y ; Alabama (Leid//), 

Like the type, this variety is distingui>hed from E, alvenlata and all other 
species included in Div. 1. of the Table of Euyhjplia by having articulated 
spines ; (he slight com])ression of the test distinguishes it from other spine- 
bearing species included in Div. II. 

E. MUCRONATA, Leidij (31, 1878). 

Leidy, pi. 37. ligs. 11-14 (30). 

Tlie individuals of this species recorded from Lakehursf (about half a 
dozen) agreed witli ]jeidy\ deseriptions and illustrations ; none were observed 
in a state of acti>ity. Tin* Ibllowing aildiiional details may lx* add(*d to 
Liddv's account of ihi> species : — The aperture-scales are bluntly roundtMl, 
eaeli having tliree cnmulations in reli(*f. which form low rounded projections 
b(*yond tlie edg<j ; the bodv-scalcs are oval, about 13 ya by 10 ya, becoming 
narrower towards tin* extremities of tlie test ; the sjiines are continuations of 
the terminal scale or scales, wbicb are fitted together with great exactness; 
just within the apex there may bo a chitinous diaphragm; the s])ines are 
flattened, measuring 2 ya by 1*25 ya near the base, 12-23 ya in length. 

Length 100-130 ya (Leidy, 108-140 ya); diameter 37-43 ya (Loidy, 32- 
44 ya) ; aperture 15-20 ya ; sjiines 12-23 ya (Leidy, 20-44 ya). 

Disirihulion. New Jersey! {Lehly) ; (.^ape Horn ((Vr/e**). 

E. STRIGOSA {Ehrenh.), Leidy. 

JB, viliata var. sfriyosa pars, Leidy, pi. 35. fig, 20 (30). 

In all the localities, as in Eritain, this is the most numerous species ; it 
did not exceed in size those found in Europe, namely 45-100 ya in length. 
Owing to lieidy as a rule sliowing only one view of the tests which he 
illustrates, fig. 20 is the only one of this species about which there is no 
reasonable doubt. The characteristic features arc a compressed test with a 
circular Jipcrture, generally bordered by thickened aperture-scales. 
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Var. MUSCOBUM. Wailes (46). 

E, ciliata para, Leidy, pi. 36. fig. 18 (30). 

This variety, recently described, is generally found in mo.ss or dry 
sphagnum. It may be spined, as shown by Leidy, pi. 36. fig. 18, or may be 
glabrous ; the width *is greater in proportion to the length than in the type, 
and it is more compressed, but the aperture retains its circular shape ; the 
body-scales are smaller. 

Distribution. United States, Panama, Peru, Europe. 

Genus Placocysta, Leidt/. 

Plaoocysta spinosa (Carter)^ Leidy. 

Leidy, pi. 38. 1-16 (30). 

Often numerous in sphagnum from New Jersey. Lengtli 115-163 ; 

breadth 80-120 ; aperture 50-80 ; spine.s 20-35 /a in length, varying 

from linear to lanceolate in form. 

Var. SETTGERA, var. nov. (PI. 12. fig. 40.) 

Test slightly smaller than the type, but otherwise similar; furnished with 
numerous long acicular spines scattered near the e<lges and arising at the 
imbrications of the scales. I’lasma and pseudopodia normal. 

Length 125-135 fi ; breadth 75-85 fi ; aperture 55-65 y , ; spines 25-45 y 
in length. 

Jfahitat. Sphagnum. 

The disposition of the s[Miies varies : they may be confined to the borders 
of the tost, or be spread over its surface until only the central portions 
are glabrous ; none were found having the whole of the tost covered with 
•spines as in V.jurassica. Although larger than the smallest individuals of 
P, spinosa^ the average size was decidedly less than that of the type. 


Genus Assulina, Ehrenberg, 

AsSULINA 8BMINULUM, Leidy. 

Leidy, pi. 37. tigs. 18-25 (30). 

Not plentiful. Length 80-85 y. 

A. MxrscoRUM, Greef. 

A. 7nmor, Peuard .(36). .. 

A. seminulum pars, Leidy, pi. 37. Hgs. 15-17, 20 (30). 

Numerous and generally distributed. Length 40-50 y. 

Leidy includes this species Vith the former, but the difference in size is 
usually sufficient to distinguish them. 
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Genus Cyphoderia, Schlumherger. 

Cyphoderia AMPtTELA (Ehrenb.), ScMumb. 

C. margaritaeea, Schlumb. 

Leidy, pi. 84. figs. 1-16 (30). 

Small and rather scarce, found only in the lakes and larger ponds ; it is 
found in the New York City water-supply. 

Length 95—110 ya. Leidy gives the length as 110-200 fi; in the British 
Isles the limiis are Gl-190 fi (46). 

JHstrihuHon. North America. British Columbia (39), Colorado (36), 
Florida (30), Iowa (21), New Jersey (30), Michigan (41), New York (20), 
Nova Scotia (30), Pennsylvania (30), Rhode Island (30), Wyoming (30). 

(!. TROCHFs var, amphoralis, Wailea (46). 

Of similar form to the preceding, but the test is composed of imbricated 
plates instead of non-imbricated discs. Found in the same localities as the 
preceding ; also in Long Island. 

Length 110-120 fi. Limits in Britain, 87-153 /* (46). 

A description and classification of this genus will be found in the Proc. 
Royal Irish Academy, 1911 (46), from which it will be seen that, in the 
absence of definite information as to the structure of the test (j. e. whether 
imbricated or not), drawings of individuals cannot be identified. 

In the absence of this information some of Leidy’s illustrations may 
represent C. trocJiua or one of its varieties ; but taking for granted that 
all the tests are of the typo shown in pi. 34. fig. 16 (30) — that is, are 
composed of round discs with a superficial hexagonal ajipearance — then 
figs. 5-8 represent C. ampulla var. jiapillata, Wailes (46), a variety which 
has beeti found in the W'estern States by Edmondson (private letter). 

C. ampulla var. major, Pen., is also probably represented among Leidy’s 
illustrations, but cannot bo identified without details of the structure of the 
test (46). 


Genus Campascus, Leidt/. 

Campascds minutus, Penard. 

Occurs in the New York water-supply drawn from the Croton Lake 
Reservoir, which is situated about 30 miles north of the city. 

This species has not been recorded previously from America. Length 
64 p . ; diameter 30 p ; aperture 10 p, 

IHatribuHon. Switzerland (Penanl ) ; Loch Ness {Penard) and Hebrides, 
Scotland. 
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Genus Trinema, Thtjardin, 

TbINEMA COMPLANATITM, Pen. 

T, enehdys pars, T^eidy, pi. 39. figs, 41, 47, 48, 61, 62, 63, 67, 68 (30). 

Not uncommon, but generally of small size. Length 25-55 fi, 

T. BNCHELYS, Leidi/. 

Leidy, pi. 39, pars (30)J 

Not numerous, and in some localities rare. Usually 40-70 ft in length, 
but a few individuals exceeded 100 fi (up to 105 ya). On pi. 39 Leidy 
depicts three species of Trinema and Corythion dubium, q. v. 

T. LINEARE, Penard. 

T. enchelyt pars, Leidy, pi. 39, figs, 38, 43, 55-50, 65 (30). 

Generally numerous. Length 20-32 fi. 


Genus Corythion, Tanineh. 

Corythion dubium, Taninek. 

T. encMtfs pars, Leidy, pi. 39, figs, 12, 13 (30). 

Generally distributed, but not very numerous. 

Genus Spuenoderia, Schlumh. 

Sphenoderia dentata, Penard. 

S. lenta pars, Leidy, pi. 34. fig. 40 (30). 

Numerous and above the average size. Length 50-60 y , ; diameter 
25-30 fi. 

S. LENTA, Svhlumb. 

Leidy, pi. 34. figs. 25-39, 41 (30). 

Generally distributed, and in some localities numerous. Length 29-64 ya ; 
breadth 17-50 /*; aperture 7-24 fi. 

S. MACROLBPis, Leidy (30). 

Bare, but widely distributed in sphagnum. 

Length 30-32 ft. 

Distribution, Malaga (Leidy) ; Lakehurst, N.J. ; Long Island, N.Y. : 
British Isles (3) (45). 

S. fissirostris, Pen., was not found and has not yet been recorded from 
America. Two of Leidy’s illustrations (80. pi. 34. figs. 37, 38) may refer 
to this species, but seem rather to represent abnormal forms of lenta. 
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Genus Amphitrema, Archer . 

Three species belonging to this genus are recorded from Lakehurst, N.J. 
None are numerous and all are of medium size. They have not been 
recorded previously from America. 

Amvuitbema FLAvrM (.IrcA^r), Pemrd. 
lUtrema JUmim, Archer. 

Length 50-77 \ breadth 37-42 /a ; thickness 15-20 fi. 

A. STBNOSTOMA, IftlssUn. 

Lengtli 80 fi ; breadth 60 yx ; thickness 35 (i. 

A. Wbigiitianum, Archer. 

Length 50-03 /i ; breadth 30-56 /jl; tliicknes.s 15-30 fi. 

HELIOZOA. 

The four species recorded are not uncoininon and are generally 
distributed. 
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Supplemental Notes on Freshwater Rhizopoda 
FROM the Seychelles. 

In January 1912 I received from Sergt. Gotlloy, Overseer of Crown 
Lands, a gatli(‘ring of moss and some sediment from a pool, collected in 
Mahe at the beginning of December 1911. Mahe is of granite formation, 
and contains few pools or lakes in which aquatic vegetation flourishes. The 
following list consists principally of moss-inhabiting species ; considering 
the restricted habitat the list is a fairly long one. Forty species and three 
varieties are here recorded, of which two varieties are now described for the 
first time, namely : — 

Nehela ijracAlu var. domata. 

Nehela lagein/ormu var. minor. 

Two recently described species, Kehela nniteUata and If. tropica^ occur 
fairly numerously, and, curiously, in both species circular discs are mingled 
with the square plates which usually form the sole constituents of the tests. 
The presence of these di&cs confirms the propriety of placing these two 
species among the Aehelcv. 

Few of the species occurred numerously, and most of the individuals were 
below the average size. 


(:iass SAROODINA. 

Sub-Class RHIZOPODA. 

Older AM(EBINA. 

Family Lob os a. 

Genus Am(EBA. 

Amceba VERRUCOSA, Litre nherff. 

Syn. A . terricola , Greeff. 

Owing to the exceptional powers of this species in resisting desiccation it 
was possible to identify one or two individuals. 


Order CONCHULINA. 
Family Arcellida. 
Genus Arcella. 

Arcella arenaria, Greeff^ 

Bare. Diameter 80-90 
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Genus Awerikzewia. 

Awebinzewia CYCLOstoma (^I^enard), ScJiouteden. 

Syu. Hvleopera cycloHoma, Penard. 

Not common. It is very similar in size and appearance to Ueleopera 
petricola var. amethystea, Pen., but the aperture, instead of being linear and 
wide, is small and oval, and is surrounded by a more or less thickened internal 
border, the thickening taking place gradually on the inside of the test. 

The test is noticeable for the opaque whitish plates scattered on a bright 
amethystine groundwork. The usual size is about 150 p in length ; those 
found here were rather small, measuring about 130 p in length. 

Genus Centropyxis. 

Centbopyxis ACDLEATA, Stein. 

Of this usually numerous species only one individual was observed. 

0. AHCELLOIDEH, Penard. 

Several seen, about 70 p in diameter. 

0. L^^^aATA, Penard. 

Not common. Diameter 80-120 p. 

Genus Duelugia. 

Dieflugia arcula, Leuly. 

8yn. Trig<»iopy.vi» arcula (Leidy), Peuard, y. v. 

D. OONSTRIOTA, Leidy. 

Numerous. Length 50-9t(/t. 

• D. OBtONQA, Ehrenh. 

Syn. D.pyr^drmu, Perty. 

Hare. Length 80-100 p. 

D. PBISTIS, Penard. 

Rare. Length 65 p. 

Genus Heleopera. 

Heleopeba sobdida, Penard. (Rev. Suisse Zool. 1910.) 

Below the average size, often w'ith but few adherent particles on the crown 
of the test. Length 45-55 p. 
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Heleopera stlvatica, Penard, 
Rare. Length 70yu. 


Genns Hvalosphenia. 

Htalosphbxia elegans, Leidy. 

Several seen. Length 80-85 /t. 

H. StJBFLAVA, Cash. 

Many were abnormally short and broad. Length 45-05 ; breadth 30- 

45 /t. 


Genus Lesquebusia. 

Lesquerhsia modekta, TthxnnUer. 

This is a pond form. Several seen, all about 80/* in length; 62 /* in 
breadth ; aperture 21 /* in diameter. 


Genus !Nebela. 

Nkbkla collaris, Ijtddy. 

Not common and below the usual size. Length 95-110/*. 

N. GRACILIS, Penard. (Rev. Suisse Zool. 1910.) 

Var. STOMATA, var. nov. (PI. 12 . figs. 41 & 42.) 

This variety differs from the typo in the poss(>s.'ion of two ovaginated 
pores, one on either side of the neck. Similar protuberances occur on other 
Nebelai, i. e. N. tuherosa and ilT. amerieana. Individuals also occur here of a 
more slender form than shown in figs. 41 & 42, with a long, slender neck ; 
they are below the average size, measuring about 90/* in length. 

Length 90-130 /* ; breadth about half the length or loss ; thickness two- 
thirds of the breadth ; aperture oval, about 20 /* by 13 /*, slightly notched in 
narrow view. 

J)istnfnition. Peru (1. 107-130 /*) ; Long Island, U.S.A. (1. 100-116 /*). 

N. LAGENIFORMIS, Penard. 

Rare but quite typical. Length 120-130 /*. 

Var. MINOR, var. nov. 

A small form, which differs from the type in size only, is not uncommon ; 
the individuals observed varied from 85-100 /* in length. 
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This variety is widely distributed, and is referred to in the report on the 
Hhizopoda of Clare Island *. 

The torulose neck and usually larger size distinguish it from N. tubvlata. 
Brown. 

Length 77-100 /i. 

JHutnlnitian. England * ; Ireland * ; Peru ; Australia (Penard) t ; 
Colorado, U.S.A. 


Nbbbla militaris, Penard. 

Not uncommon. Length 68-80^. 

N. 8CUTELLATA, Wailes. (PI. 12. fig. 43.) 

This species, first described in the present Journal, occurs here nume- 
rously but of rather small size ; the tests, as also those of A", tropica, are 
remarkable for the presence of small circular discs, which are mingled with 
the rectiingular plates, usually the sole constituents of the test ; the discs vary 
in number from none to sixty or more in a single test, few tests having less 
than a dozen of them ; the square plates measured from 6-7 p in width ; 
occasionally a few diatom frustules are also present. Several living indi- 
viduals wore seen, but none were active ; the plasma was of the normal type 
and crowded with food-particles ; the nucleus is small, about 1pm diameter, 
and contains several ill-defined nucleoles. No tests were found in which 
small covering-plates are present, such as occur in the United States. 

Length 105-120^; one abnormal individual measured, length si 74^; 
breadth 120 ; aperture 35 p. 

Distribution. United States. 

N. TINCTA (Leidy), Awerinzew. 

Rare. I^ength 100^. 

N. TROPICA, Wailes. ( Vide p. 140.) (PI. 12- fig. 44.) 

Not uncommon : as in the case of AT. scvtella the tests were remarkable for 
having numerous circular discs mingled with the quadrangular scales ; in 
other respects they were quite typical. It is worthy of note that tbose two 
recently described species, which in other localities' are characterised by the 
rectangular scales which form the tests, should in this locality occur in associ- 
ation, and Itoth have circular discs mingled with the square scales. 

Length 70-75 p.' 

Distribution. Borneo ; Peru. 

• Wules & Penard in I’roc. Roy. Irish Acad. vol. xxai. (1911). Clare Island Survey, 
pt. 65, pp. 48, 60, pi. 6. fig. 28 «, 6 (1 911). 

t Brit. Antarctic Exped., Biol. vol. i. pt. 6 (1911). 
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Nebela TtTBtiLATA, Brown. (Journ. Linn. Soc., Zool. xxxii. (1911), p. 79.) 
Several were seen. Length about 60 /i». 

N. TtJBULOSA, Penard. 

Not uncommon. Length 175 fi. 


Genus Phbyganella. 

Phryganella hemisi'h erica, Penard. 

Numerous, but no living individuals were observed. Diameter 30-60 /t. 

Genus Plagiopyxis. 

Plagiopyxis labiata, Penard. (Brit. Antarctic Exped., Biol. vol. i. pt. 6 
(1911).) 

Several were seen. Gertain forms of Di§1u()ia ronstricta approach this 
species very closely in the form of the test ; a study of active individuals i.s 
desirable for ascertaining the exact relationships of this species. Diameter 
55-80 fi. 

Genus Quadryla. 

Quadrui.a symmetrica, F. E. Schulze. (PI. 12. fig. 45.) 

All the observed tests were of an elongated type ; the larger scales varioil 
from 8—10 in breadth. Length 84—90 fi. 

Genus Trigonopyxis. 

Triqonopyxis arccla (LeiUi/), Penard. 

Syn. Difflu^ia arcula, Leidy, Ilhiz. North Amer. 1879. 

Trigo»opy.ris arcula, Penard, llevue iSuisse Zool. 1912. 

Occurs numerously. This Bhizopod, which occupied an anomalous position 
among the Jlifflupw, has been placed by Penard in a new genus. Diameter 
80—135 fi ; aperture regularly trilobed. 


Family Euglyphina. 

Genus Assulina. 

Assulina M 08 CORUM, Greeff. 

Numerous. Length 40-45 fx. 

Genus Ecglypha. 

Euglypha alveolata, Dujardin. 

Rare. Length about 60 /a. 

LINN. JOCRN. — ZOOLOGY, VOL. XXXII. 
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Edglypha ciluta, Ehrerdjerg. 

Not rare. Length 60-70 /i. 

E. OOMPRBSSA, Carter. 

A few seen. Length about 70 /t. 

E. CBI8TATA, Leidg, 

Not uncommon. Length 40-65 

E. PILIFEBA, Penard. 
liare. Length 65 /a. 

E. I..SVI 8 , Pertg. 

Not uncommon. Length 22-40 /i. 

E. ROTUKDA, WaVex. (Proc. Roy. Irish Acad. vol. xxxi. pt. 75 (1911).) 
l)nly one seen ; length 55 /i. 

E. STRioosA, Leidy. 

I'ommon. Length 60-70 fi. 

Var. MUScoKtTM, Watlex. 

■()£ average size : length 70 ; breadth .50 /t ; aperture 22 fi. 


Genus Sphekoderia. 

Sphekoderia DENTATA, Penard. 

Not common. Length 48-.50 /t. 

Genus Trikema. 

• Trlvema complanatum, Penard. 

Not common. Length about 40 y.. 

T. ekohelys, Leidy. 

Rare. Length 35-70/*. 

T. LiKBARE, Penard. 

Numerous but usually small ; length 18-23 /*. A few abnormal indi 
viduals were observed, possessing long and narrow tests with large apertures 
length 35-45 /* ; breadth 12-14 /* ; aperture 6-7 /i. 
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EXPLANATION OF PLATE 12. 

Fig. 1. Abcblla abtocrea, Leidy. Section of a test through the pores around the 
aperture, showing nodules projecting internally ; X 2(X)0. Lakehurst. 

2, 3. DiFFLUGiA BACILMARUM Tat. ELBGAN8 (Pen.), Cash ; X 300. 2, Broad, and 
3, narrow, side \ iews of test. Lakehurst. 

4, 5. Dipfluoia Leidyi, sp. nov. ; x 3:^0. 4, Side view ; 5, oral view. Lake- 
hurst. 

3, 7. Nebela COLLAR 18 vsr. RETORTA, Leidy. 6, Test, x 310 ; 7, aperture, X 740. 

I'enney’s Pond, Good Ground, Long Island. 

8,9. Nbbela cratkra, sp. nov. 8, Teel, X 3(X); 9, aperture, X 800. Lake- 
hurst. 

10. Nkbela DKNTi stoma var. lacustris, var. nov. ; x 250, Lakehurst. 

1 1, 12. Nkbela scutellata, sp. nov. 11, Broad view of test, X 320 ; 12, portion of 
test, X 1000. Lakehurst. 

13,14. Nejjkla tropica, sp. nov. ; X 450. 13, Broad, 14, narrow, side views of 
test. Borneo. 

15-17. Nkbkla viTRA'A, Peiiord. 15, Broad side view of test, x320; 16, 17, 
portions of test, X 10(X). Tiakelmrst. 

18,19. (iUABUCLA SYMMETRICA (Wallich), F. E. Schulze; X 450. 18, Broad, 

19, narrow, side liews of test. New Jersey. 

20. Do. do. var. iRiiKcJirLARis, Pen. : x 450. Good Ground, Long Island. 

21. Do. do. var, ccuv^ta, Aar. no\. ; x 450. Penney’s Pond, Good Ground, 

Long Island. 

22,23. JIeleopkra nodosa, sp. nov.; X 320. 22, Broad, and 23, narrow, side 

views. Jiakehurst. 

24. Do. do. X 250. Droad side view of test. Lakehurst. 

25 27. Kroi.YPHA aj.vkolata var. cikrata, var. nov. 25, Two individuals in 
conjiinetion ; 2(1, 27, npjces, showing varieties of spines, X 4tX). Split 
llofk Lake, New Jersey. 

28. Euolypha J3RAC11IATA, Leidy ; X 400. Taikeliurst. 

29. Do. do. \ar. LinjtATA, vai\ nov. ; X 4(X). Lakehurst. 

30. Do. do. //, (i. Spine as seen from .side and end views of a test; b. End 

Aiew of a spine from Vancouver, British Columbia (after Penard, 39 ); 
e, r'. Intermediate form of spine. 

Do. do. var. liiiiiata. d,d'. Two \iews of a spine. Lakehurst. All 

X 5(X). 

31. Euglypha cnisTATA var, MA.TOR, VVailes; x400. Lakehurst. 

32,33. Do. do. var. acicularis, var. noA\ Apices and varieties of spines; 

X 7(X). Inishbofiii, Irehuid. 

34-37. Euglypha cbknulata, sp. nov. 34, Active individual, X 400; 35, body- 
scale; 36, aperture-scale ; 37, spine-scale. ())) Augusta, Georgia. 

38. Do. do. A'ar. minor, var. nov. Body-scale ; x KXX). 

39. EuaLYi»HA FiLiFKUA A^Rr. SPINOSA, vav. nov. ; X 320. Broad view of active 

individual. Lakehurst. 

40. Placocysta 8PINOSA var. setigera, var. nov. ; x 320. 

41. 42. Nkbela gracilis var. stomata, var. nov. 41, Broad, and 42, narrow, views 

of test. Seychelles. 

43. Nkbela scutellata, sp. nov. ; x 520. Seychelles. 

44. Nkbela TROPICA, sp. nov.; x 520. Seychelles. 

46. Quaurula symmetrica (Wallich), F. E. Schulze; x 520. Seychelles. 
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Spolta Runiana. — I. JnuiicuVma quoulrantjularh (Pallus) and the Hebridean 
jyiazom violacea, Savigny. By AV. A. Herdman, F-R.S., F.L.S., Pro- 
fessor of Zoology ill tlie University of Tiiverpqol. 

(Plates 13 & 14 and 2 Text-figures.) 

[Read 5th December, 1912.] 

The iTiain part of our scientific work on board the yacht ‘ Runa ^ is plank- 
tonic and consists of surface and mid-water horizontal and also of vertical 
hauls from the deep fjords on the west coast of Scotland. The results of 
these plankton gatherings are reported on in detail elsewhere 

The fish-trawl and the naturalises dredge, are, however, also used from 
the yacht as often as can be managed, and I should like occasionally to make 
known to the Linnean Society any “ Spolia Runiana of special interest or 
novelty that may be brought up f rom the sea-bottom during our cruises. 

In the past summer wo spent about a month (August 1912) cruising on 
the west of Scotland, both amongst the inner islands (Mull, Skye, &c.) and 
also along the chain of the Outer Hebrides from Barra Head to Stornoway, 
dredging and townetting almost daily. Two of the more interesting animals 
obtained — the only ones I shall refer to in this communication — were the 
giant sea-pen Fumeuliva qiiadraiu/ulariit (Pallas) and the Compound Ascidian 
Diazona riolacea, Savigny, first described from the Hebrides by Forbes and 
Goodsir under the name “ Syntethys hebridicun/^ in ISSl.f 

(1) Funiculina quadrangularis {Pallas). 

The late Professor A. Milnes Marshall and^his father, Mr. W. P. Marshall, 
in their little book entitled ‘ Report on the Oban Pennatulida ’ (Birmingham, 
1882), gave a detailed account of this “ rare and interesting species,’^ and of 
the circumstances under which it was dredged, in 1881, by members of the 
Birmingham Natural History Society at two localities in the Firth of Lorn, 
between Oban and the island of Lismore. It is rather surprising to read 
that on that occasion only four living specimens and three of the calcareous 
skeletons were obtained, and that the largest was only 39 inches in length, 
since we on the ‘Runa’ this summer brought up a score or more of larger 
specimens in every haul of the dredge, at that spot, along with very many 
smaller ones which were thrown back into the sea. Our largest specimen is 

* Lancashire Sea-Fisherios Laboratory Annual Report for 1912. 
t Bee Addendum, p. 171, with lists of Amphipods and Echinoderms. 

LINN. JOUBN. — ZOOLOGY, VOL. XXXII. 15 
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now, in its presented stiite, 62 inches in length, several others are about 
5 feet, and we obtained a good many (at least 20) of 4 feet or a little over. 

The Marshalls describe the upper part of the 
^’**^* ^’ colony as being “of an ivory-white colour,” but 

I note that both Forbes and Wyville Thomson had 

recorded it as being rose-coloured.” Our speci- 
mens when alive were certainly of a pale trans- 
lucent rosy tint, and a few colonies that I 
preserved in a 10 per cent, solution of formol 
in sea-water have still (after four months) the 
same beautiful colour and life-like appearance, 
while those put into alcohol have become opaque 
and vary from a creamy-white to yellowish-brown. 
Fig. 1 shows a group of these preserved specimens. 

The first British specimens were a})parently 
dredged in 1844, at this same locality, by 
Mr. It. McAndrew from his yacht, and w'ere 
described by Prof. Edward Forbes in the ‘Annals 
and Magazine of Natural History^ (vol. xiv.). 
Sir Wyville Thomson, in ‘ The Depths of the Sea,’ 
records having dredged “ Pavonariie ” 
mlhui) from 100 fathoms in Raasay Hound, and 
refers to their “ pale lilac phosphorescence.” He 
remarks further that from the number of speci- 
mens brought up at one haul “we had evidently 
passed over a forest of them ” ; and that is 
exactly the impression that was produced upon 
myself and upon my friend Mr. A. 0. Walker, 
F.L.S., who was with me when we brought up 
such quantities of living colonies in the Firth of 
Lorn last August. It is probable that in our 
hauls from the ‘ Buna ’ we dredged through the 
thickest of the plantation, while the Birmingham 
naturalists in 1881 may possibly only have skirted 
along its edge. I may add that in our hauls 
most of the larger specimens were not actually 
in the trawl-net (which contained quantities of 
fine mud), but were balanced across the front of 
Funtcitlina quadrangulaviit frame (a 6 -foot Agassiz trawl), and especially 

(Pallw), from a photo- ^ large bunch at each end, in such a pre- 
' carious position that I had to go off in a punt 

and pick them out by hand before allowing the net to be raised above the 
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surface — and one wondered how many still finer sju^cimens had dropped off 
in coming up through the water, 

I can agree with the Marshalls’ remark : Not only is the geographical 
distribution of Funimlina a very limited one, but wherever it does occur it 
seems to be confined to a very small spot, in wliich it occurs fairly abun- 
dantly — although 1 do not doubt that other localities will yet be discovered 
on the west coast of Scotland containing virgin forests of this largest and 
tstatcliest of the British Coelenterata. 

(2) Diazona violacea, Savigny. 

This well-known Mediterranean Tunicate was described and figured by 
‘Savigny in 1816, and the genus J)iasona was placed by him in the “ Tethyes 
composees,” immediately after Clax^elinai both in description and figure 
the colour is given as a beautiful violet. Other notable characters in the 
original description are ; the branchial and atrial apertures both 6.rayed, 
tlie internal longitudinal bars of the branchial sac jjrovided with papilhe, ami 
the meshes of the branchial sac containing each four stigmatiu As we shall 
see, the latter two characters require some qualification. The first British 
<p<^cimen was found over sixty years ago by Edward Forbes and John Goodsir, 
in 30 fathoms of water, off the t/roulin Islands, near Skye, and was described 
by them as a new genus and species under the name Syntethys hehridivuti in 
the ‘ Transactions of the Iloyal Society of Edinburgh ’ for 1851 (voh xx. 
j). 307). Tn this paper, Forbes and Goodsir tell how they were at the time 
on a yachting cruise with our indefatigable friend Mr. McAndrew 
among the Hebrides, in the month of August, 1850 ; and in describing their 

discoverie>s they go on to say — the most remarkable of them is the largest 
of Compound Ascidians yet discovered in the Atlantic. Its nearest described 
4illy is the^enus Diazoxia of Savigny, between wdiich animal and Clavelimi 
it constitutes a link ; one of considerable zoological importance ” — and more 
to the same effect, showing that Forbes anc^ Goodsir had compared “ Syu- 
with Diazona and regarded it as generically distinct. They point 
out that their “remarkable animal is of an apple-green hue, that tbc‘ 
branchial and atrial apertures are not lobed (although the atrial has six white 
ocelli), that the ascidiozooids have a sessile abdomen and are marked by lines 
of white pigment, that the branchial sac has 13 rows of stigmata, hooked 
fleshy tubercles at the angles of the meshcvS, and only one of the stigmata 
.in each mesh. Forbes and Goodsir give a coloured figure of their colony, 
from which my fig. 2, on PL 13, is copied, to give some idea of the dis- 
tinctly green colour of the living animal. It is, however, in this figure, 

* Mr. Robert McAndrew was a Liverpool merchant who owned the yacht ‘ Naiad/ a 
.70-ton yawl, which he made good scientific use of on dredging expeditions, chiefiy in the 
linterests of conchology. 


15 * 
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not sufficiently delicate in its shades and is not sufficiently gelatinous and 
translucent in appearance. 

Alder *, in 186H, described a specimen from the Channel Islands which 
seemed to bridge the gap b(’itweeii Dmzona and Syntethys so effectually that 
he placed Forbes and Goodsir^s species under SavignyN genus as Dlazona 
liehridiea^ and he showed, moreover, that the living apple-green colour of his 
Guernsey specimen changed to violet on preservation in alcohol. Tlu*^ 
apertures of his specimen were obscurely 6-lobed, and consequently many 
subsequent writers have considered all these specimens to be the same 
species of IHazona^ and the name hehndiva ” has dropped out of use. The 
animal has since been found reiieatedly in the Mediterranean (at Naples and 
elsewhere), off the coasts of Brittany, and near Plymouth, (iarshing f, in 
1891, pointed out some differences in detail between sj)ecimens from Plymouth 
and the description given by Forbes and Goodsir, and suggested the possible 
specific distinctness of the Hebridean form (I), hphridica) from all the rest 
(Z>. violavea). He concludes with the remark : the whole matter is so beset 
with doubts that it is greatly to be desired that specimens should be obtained, 
again from the Hebrides, and their anatomy re-described.^* Following upon 
this I published J a brief note upon a Hebridean Diazona dredged off the 
north coast of Mull by the late Duke of Argyll, and sent to me for identifi- 
cation through Sir John Murray. I showed in this paper that all the su[)posed 
y)oints of diff'ereiice between the Mediterranean IHazotia and the Hebridean 
Syntethys can be bridged over by examining in detail a sufficient number of 
ascidiozooids. Neither in the lobing of the aj)erturcs nor in the minute 
anatomy of the branchial sac can any constant character be found which will 
enable us to divide the si>eciinens I have examined into two sets, “ Iiehridica 
and violarea/^ The question of colour I shall return to below. 

In recent systematic works on the Tunicata, such as Bronn*s ‘Thier-reich * 
(1909), and ‘The British Tunicata/ by Alder and Hancock (Ray Society, 
1912), Syniethy^ hehridims has been accepted as a synonym of JJiazona 
violacea^ but probably without any further examination of Hebridean 
specimens. 

Now we turn to the new material. While dredging from the ^Tiuna* 
this summer, specimens of JHazona closely resembling Forbes and Goodsir*s 
Syntethys were found, as follows : — 

(1) August 7th, a few miles south of Barra Head, in the Atlantic,. 
GO fathoms, one large colony measuring 9^ x 7^ x 5 inches, and of a 
beautiful translucent jmle green colour. 

* Ann. & Mag. Nat. Hist* (3) xi. p. 169. 
t Journ. Mar. Biol. Assoc, for May 1891, p. 47. 
f Ann. & Mag. Nat. Hist, for Aug. 1891, p. 165. 
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(2) August I2th, on East Shiant Bank, in tlie Mincli, nortli-oast of Skye, 
27 fathoms ; some smaller ])ieces, also j)ale green. 

Fig. 1 on PI. 13 is reprodnceil (luilE-size) from a water-colour sketch of the 
largest ‘ Hnna ’ colony when alive, made by my wife on the yacht, and I 
give, for comparison, in fig. 2 a copy of the original illustration in Forbes 
and Goodsir’s })aper — both figures showing the green colour of life. 

One of the smaller pieces obtained this summer was jireserved in formalin, 
and it is still of the same ])ale transparent green hue as when alive. Another 
fragment was ju’eserved in alcohol, and it has become of a pale ])ur])le or 
mauve tint, such as is shown in the little rectangle labelled A on PI. 13 . 
The largest colony was placed in a tank of methylated spirit and shut up 
until the end of the cruise. On opening the tank a month later it was found 
that the spirit was stained a rich green and the Tunicate colony was now of 
a well-marked violet colour (like the little rectangle B on PI. 13 ), recalling 
vividly the ajipearance of Diazona violacea from the Mediterranean. 

There can be no doubt then (as 1 find Mr. J. Hoj)kinson adds in a 
footnote to the Supplement of Alder and Hancock’s * British Tunicata,’ vol. iii. 
p. 100, Hay Society, 1012) that JS/ptlefhyn hehndints^ Forb. & (Joods., is merely 
a synonym of Uinzona violacea^ Sav. The only doubt that remained was as to 
wludber the green H<‘J)rid(»aii form could be se])arat<Hl as another sj)ecies of 
the same genus, but an examination of the detailed structure of the ascidio- 
zooid in colonies from both the Medit<Traneau and the Hebrides has satisfied 
ni(* that tlien* are no grounds for such a separation. I have now before me 
tlie following material in alc^oliol : — 

<\)lonv from Najdes, colour mauve; 

<.’olony from Na])les, 11)12, colour dull greyish greem ; 

Colony from Plymouth (lurge ascidiozooid>), colour mauve ; 

Ditto (basal part, with small ascidiozooids), colour greyidi green ; 

< VilonjT from Mull, 1885, colour mauve ; 

Colony from Hebrides (‘ Hnna "), 11M2, eolenr %iolet : 
and although these sjKHamens differ coiisifferably in colour and api)earance, 
they all agree in structure. Tlie branchial and atrial ajxM’tures are, 1 believe, 
always G-lobed, altliongb in contracted or badly jireserved s])ecimens it may 
be difiicnlt to demonstrate the lobes. 1 give (PI. 14 . figs. 1 & 2) drawings 
of 6-lobed apertun^s in both test and mantle from my Hebrith^au specimen. 
Then in regard to the siructurc of the branchial sac <‘v(‘ry sjieeimen shows 
a wdde ranges of variation in ilie number of stigmata in a mesli and in the 
exact condition of the internal longitudinal bars, as I shall show in detail below. 

It is stated in the second volume of ‘ The British Tiinicata ^ by Alder and 
Hancock, edited by Hopkinson (Ray Society, 11)06), that J)h:t)na lias “flic 
intersections of the meshes papilhited ” (p. 150) ; and in I). hehmUca stout 
jiapillae are both figured and described (p. 162) and are stat<'d to he a 
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character that may enable the Hebridean to be separated from Savigny’s 
species with ‘^slender, pointed pajiillse. But, as a matter of fact, neither 
the southern nor the northern form has any papillre at all in the branchial 
sac, as was explained * in my paper in 1891. As I stated then, the “ hooked 
fleshy tubercles’^ (= papilla?) of Forbes and Goodsir’s description can bo 
quite satisfactorily accounted for by the corrugation of the internal longi- 
tudinal bars, the thick prominent connecting ducts which seem to project on 
each side where they join the bars, and the imperfect condition of the bars 
in some parts of the sac. When a branchial sac is first opened, in the case 
of most ascidiozooids, and is examined in water under a low power of the 
microscope, the appearance of large papillae at the angles of the meshes is so 
distinct that it is difficult to realise, until the specimen has been shiinod, 
mounted, and oxamincMl in detail with a high powder, that only connecting 
ducts and more or less irregular bars are present. There is no difficulty in 
understanding how it is that some previous investigators have fallen into 
the error of supposing that they saw large papilla?. Figs. 4 to 16 on 
FI. 14 illustrate these remarks. Figs. 5, 6, & 16 show cornigateil 
internal bars forming projections, but without any true papilla? ; figs. 4, 12, 
13, & 14 show connecting ducts which have not grown together to form 
Iwirs, and so give a deceptive appearance of being large pa)>ilhc. 

In regard to the supposed differenc<? between the two forms in the num})er 
of stigmata in a mesh, the range of variation is great (see figs, 10 to 15) and 
is much the same in all the specimens I have examined, as is shown by the 
following note : — 

Naples (1912) specimen has 2-3 stigmata in a nu?sh. 

Mull (1885) „ 1-4 

‘Runa’ (1912) „ 1-3 „ 

Plymouth „ 1-3 

Probably some parts of each of the branchial sacs could be found showing 
the four stigmata in a mesh described by Savigny, and certainly many parts 
show the single stigmata referred to by Forbes and Goodsir. The stigmata 
are found to differ also very greatly in size and shape in different parts of 
the same sac (fig. 9). 

The distinctions depending upon lines of white jugjmontation on the 
ascidiozooids ref(?rrod to by Forbes and Goodsir, Giard, Lahille, and others 
are so slight and so luireliahle that in the absence of any real structural 
differences they need not be considered. Lahille regards them as at most 
serving to separate the type and two varieties which he proposes to call : — 
(Type) 1). riolacea^ Sav. — (Mediterranean.) 

(Variety 1) 7>. hehmlica-violacea, Forh. — (Hebridean seas.) 

(Variety 2) 7>. iniaHa’-vlolacea^ Lah. — (Banyuls.) 

* And was also shown by Lahille in the case of the Mediterranean form (Recher. sur 
les Tuniciers, Toulouse, 1800). 
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According to this nomenclature oiir ‘Ttiina" s])ecimens would fall into- 
the first variety, the name of wliich I would prefer to write as Diazoua 
violacm^ Savigny, variety Iiehridica^ Forb. & (Joods. 

Turning now to the colour of the colony as a whole, and to the change of 
colour that has been described, we find that the curious point about th(‘ 
colour of tills animal is that, whereas British specimens are green when ali^e 
and become violet when prescnwed in sjnrit, Mediterranean specimens ar(‘ 
apjian'iitly sometimes violet and sometimes green, and the latter do not 
always change tlieir colour when treated with alcohol. Professor H. Dohni, 
Di rector of the Zoological Station at Na])les, has kindly S(mt me a ])ale green 
JVazona violacea jirescrved in alcohol, and he informs me that both green 
and violet -coloured sp(jcimens have been obtained from time to time in tln^ 
neighboLirliood of Naples. He states that it lias not been notic(‘d in tlieir 
preservation department at the Zoological Station that any change of colour 
takes }dace on adding alcohol ; but ho adds in his letter that he remembers 
to have noticed that the green Diazomi becomes of a bluish colour when 
injured *. 

It is remarkable that my large violet-coloured ‘Puna’ colony still con- 
tinues aftcu’ four montlis^ preservation to give out the green pigment, as 
lbr(»o succ(‘s.sive changes of spirit have now been coloured by it. Tlie viol(‘t 
jiigmeiit of the jireserved siiecimen, however, seems to he insoluble, as 
fragments so colounui have been kept in absolute alcohol, in chloroform, in 
liisulphide of carbon, and in xylol for wrecks without showing any change 
in tint. 

The brilliant green solution 'which this Hebridean specimen lias given 
with alcoliol lias been examimul spectroscopically^ for me by Ur. Alfred Holt, 
Pt'ader in Phy sical Chemistry in the University of Liverpool, and he has 
shown lye tliat the pigment is not chlorophyll — as might liavo been supposed 
at first — hut has a characferistic absorption band in the orange intermediafe 
in position between the band given by sodium and that of chlorophyll. The 
])Ositioii of this band in Angstrom units is 6200; while cliloropliyll gives a 
band at 6550, and bonelleine, described by Sorby in 1^75 from the green 
Gepbyrean worm Jionellia viridls^ has a corresponding band in the orange 
at 6430. In chloropliyll there is much greater absorption at the blue end 
of the spectrum, and in ‘^»4ymte thine,” as observed, then* is almost an 
identical effect, while in bonelleine there is a w^ell-marked band in the blu(> 
and relatively loss ah*<orption in the indigo and violet. 

The “ Symtethys” jdgment (w e do not know yet wh(*thor it can be obtained 
also from the ITiazona that is violet when living) does not go purple with 
acids, and therefore cannot be bonelleine. Acids or alkalies turn it soiiu*- 

* F. Lahille states (1890) llini specimens at Banyuls kept in nqiiaria degenerate, and that 
their pale yellowish colour becomes bluish or violet. 
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v:\vxi yellowish, and the colour is not restored on neutralisation, No distinct 
bands are shown in acids or alkaline solutions.’ Possibly our substance and 
bonelleine belong to the same natural grouj) (what Sorby called a “ genus 
of pigments. Dr. Holt has kindly suj)i)lied me with a diagram (fig. 2) 

Fig. 2. 


7 ^ ^0^ LM 



showing the spectrum of the new pigment — to which the name “syntethinc 
may be appropriately applied — compared with tliose of bonelleine and of 
chlorophyll. 

The violet of the large ^ Runa ’ colony in its j)resmit condition is tlie 
complementary colour to the green which has been dissolved out of it, so 
that when the colony is submerged in the solution it appt'ars io lose at once 
its brilliant colour and become dull grey. The question then arises — was the 
violet pigment present, masked by tJie gr<j('n, when the animal was living ; 
or has chemical action taken place, possibly <lne to dehydration by the 
alcohol, w’hicdi, while dissolving out the green, caused the precipitation of 
another previously less conspicuous pigmtmt in the present oi)aque violet form ; 
or, ar(» the green and the violet two forms of the same pigment partly dis- 
solvt'd out in the green form and partly precipitated as the insoluble violet ? 

Histologically the violet colour is due to niinute opaque granules closely 
placed in the spherical pigment cells with which the test is found to bo 
crowded (see PI. 14 . fig. .‘5). Similar opaque green pigment cells are visible 
in abundance in the iost of the ^{iina^ specimens which are preserved in 
formalin (PI. 14 . fig. 1). 

It is evident that the little we know of this pigment does not yet throw 
any light upon the curious colour changes in 7>/‘ar(?na, and fails as completely 
as the structural characters to afford any evidence of specific distinction 
between the Moditerranea.n and the Hebridean forms. ‘^Niiniura ne erede 
colori may be a sound aphorism for the systematist in some groups, but 
still colour does moan something and may mean a great deal from the 
jdiysiological point of view. 

The colony of Diazona is known to undergo remarkable degenerative and 
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regenorative changes in its lif(‘-histor)% involving, no tloubt, profound 
alterations of the metabolism ; and it occurs to me as ])ossibl<*. that, if green 
is the normal colour when in full vitality, those Mediterranean specimens 
which are described as violet when alive may be in the state preparatory to 
regeneration when the abnormal life-processes may have caused a chemical 
change in tlie pigment similar to that produced in tlie green Hebridean 
forms when treated with alcohol. 

KXPLANATION OF THE PLATlvS. 

Plate 13. 

Fift*. 1. Colony of IHazomi riolnem^ dredged in the Outer Hebrides, Aug. 191-^; about 
oiie-hidf iiatupal size. From a water-colour sketch of the living animal. 

^2, From Forbes and. (toodsir’s coloured Tigure of St/ntH/ii/< h^widirmf' published 
in 1851 ; slightly reduced. 

A. 'Po show the mauve colour of some preserved specimens. 

11. To show the violet colour of the liirge * l^iina ’ specimen (tig. 1) after ])reservation 
in alcohol. 

Plate 14, 

I'ig. 1. lirauchialaperiurti in the test of a Hebridean (green) Diazomt, to show the (i lobes ; 
slightly enlarged. 

2. Jlranchial aperture in the iimiitle of the same Hel)ridt*jni Dinzuna^ to show the 
U lobes ; slightly enlarged. 

?3. ]*art of the test of a violet Dtazona^ (o show the conspicuous pigment cells and 
the colourless test cells : higli power. 

Figs. 4 to 8. I'nnn a Naples specimen, to show the variations in tlie cliarncter (»f the 
branchial sac. Fig. 8 shows the epillielium on a bar oii]K)site the junction with 
a connt*cting duct. 

9 Si ID. Kroin a Mull specimen (Duke of Argyll, IHS.*)), sliowini* \arialions in numbers 
.■nid sizes of stigmata, 

II to*13. I^rom a Plymouth sjieciinen, showing variations in the conditions of 
the bars. 

14 to 10. From a Hebridean (^‘ liuiia/ 1012)ifcS2)eeimen, sinking variations in the 
characters of the braucliial sac. 

With the exception of fig. 8, which i.** a high-power view, tigs. 4 to It) are all 
of the same magnification, about 40 diameters. 


Addendum. 

On the Ampiiipoda, oolleuted from the ‘IHmu,' by Alfukd 0. WajjvER, 
F.L.S. ; tind List of tho Eothnodkkmata (‘ollocted front the Hiiiia,^ 
by H. C. ClIADWICKj A.L S. 

At the meeting of the Society, on December 5tb, when the 2 >**t‘c<‘ding 
'paper was read, Mr. A. 0. Walker made some renuirks in regard to the 
Crustacea collected, and retul a list of the Ainphipoda and iMijioda wliic-h iio 



172 


AMPHIPOPA AKD ECHINOPERMATA I'KOM THE ‘ RTTKA.’ 


had identified and which ho afterwards sent to me for incorporation in this 
paper. It is as follows : — 


^Aristias neglecinSf ITansori. 
Perrierella Audouiniami (Sp. JUte), 
Tnfphom Snrsii (Hoiinier). 
Ampeluca iminoornw^ 

„ spim'pos, Boeok (young). 
Haploiipa tubicola^ 

Amphilochiis mtmmlpua^ Sp. Bate. 
Lenvothoe sinnicarpa (Abildg.). 
Creana duhia, Sp. Bat*\ 

Stvmthoi^ inurina (Sp. Bati*). 
Volomaatix pmilUu Oriibe. 
^Panoplaa Eblmue (Sp. Bate). 
Niioplemtes biet4ajm (Kruyer). 


^Sympileustea latipes (M. Sara). 
Ppimeria corntycm (Fabr.). 

Melita ohtmaia (Montagu). 

Maera OthonU (M.- Ed wards). 
*Photi8 Peinhardif Kr. 

Eurygthem mamlatm (Johnston). 
Leptocheirm jyectinatm (Noriniiii). 

[?= L, piloam^ Zadd.jf 

Jassa pmilla (G. O. Sars). 
EHo/dh(mius hrasi/ienaitt (Dana). 
Proto jtfidata (Miilier). 

Astacilla longivornis (Sower by). 
Janira maculom, Leach. 


The four specie^ marked wdth a star have not. l)een found by us in the 
Irish Sea area. 

This is probably the most northerly ree(»rd of dolomastLr pusilhi^ Griibe.. 
It was found on the (Wlon Pearl Banks in 11)02 (see llerdman’s Report, 
Hoyal Society, Part II. p. 209). 

Panoplcea Khlamv (Sp. Bate) is a Mediterranean species. The most 
northerly record Intherto is that of the type described by Spence Bate from 
specimens taken from the branebial cavities of lihizosfoma from Dublin 
Bay. It appears to bo very rare in British seas, as it does not oven occur in 
the magnificent collection presented to the British Museum by Canon A. M. 
Norman, as I am informed by Dr. Caiman, who identified this species. 


Mr. H, C. (-hadwdek, A.L.S., has identified the Echinodermatn of the- 
cruise as follows ; — 


Holotharia tremula, Gunner. 
Phyilophorus Dmvimo^idi ( I’liomps.). 
Antedon Milleri ( Wyv. 'fliom.). 

,, phalanyiiim (J. ^MulL). 

„ bifida (Pmn,). 

Luidia ciliaru (Phil.). 

,, Sarsij DUb. & Ivor. 

Pahnipea placpnta ^Pemi.). 
iSolaater pajiposna, Fabr. 

„ tndHia^ Linn. 

AaUriaa Murrayif Bell. 


Asteriaa (Sara). 

„ ruhens, Linn. 

Porania ptdvillua (O. F. MiiLl.). 
Ophiura ciliarw (Linn.). 

„ alhidn^ Furb. 

Amphiura Chiaju, Forb. 
Ophiopholia avulmta (Linn.). 
Asteronyx Lormi, M. & T. 
/Spatangua purpurruSf O. F. Alull. 
Bri8aoj}aiH lyrifera^ F'orb. 

Echinm vaculmtm (Linn.), 


The Hebridean specinnms of pA-hinus escvle^^tiis, compared with those 
commonly found at the Isle of Man, are uniformly higher and more 
pentagonal in shape, and have the primary tubercles on both ainbulacral and 
interambulacral plates smaller in size and number, and the secondary 
tubercles much more feebly developed. The arrangement of the pores on. 
the amhulacral plates is also slightly different in the two cases. 

+ These two are considered distinct by Mrs. Se.xton (Proc. Zool. Soc. Lond, 1911, p. 561)i 
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Revision of the Linn(*iin Types of Pahearctic Rliopiilocera. l\y 1{0(JK1i 
Vkiuty, M.D., F.lt.E.S., F.Fr.E.S. (( 'ominunioateJ l)y the President.) 

[Itend 6th February, 1916.] 

Tfie kindness of Dr. B. Daydon Jackson has enabled me lo examine the 
insects of the Linneau collection, which, as is well known, was piirchas(‘d 
and hroiiftht to En»hiiid in 1784 by Dr. J. E. Sinitli, and suhse<pieiitly 
became tlic pro])erty of the Linnean Society. 

Unfortunately tlie types of all the insects described by- Liiinanis were not 
in his collection, as he also largely used that of the Baron Charles De (ieeiv 
now ])reservcd in the Royal Academy of Hcience in Stockholm, and that of 
the Qiu^en Ludovi(ta Ulrica, which is now in the Uppsala University. 

Most of the Pahearctic Rhopalocera belonged, however, to laiinnims, as 
will he seen in the following j>ages ; and the opportunity I have had of 
examining them has enabled nu' to make observations which cast light 
on several ))oints of interest. Som(‘ of these have been the object of 
long controversies amongst entomologists, owing to insntticient original 
(h»scriptions, and others reveal mistakes which have been carried on for 
a century and a half, and which w^ere so thoroughly rooted by habit that 
nobody ever suspected tluMr existence. I hope in consoqnenc(‘ that this 
note may prove to he of some interest, and that it will encourage others to 
do a similar work on the other Rhopalocera and on the Heterocera, which, 
J have no doubt, would yield as interesting results. 

Dr. DSiydou Jackson^s thorough knowledge of tlie works and life of 
Linnaeus has been of invaluable assi.stanc<‘ to nui. Thus it is important 
to know that he n'ceived many insects from Erik Brander, who was Swedish 
Consul at Algiers from 17.5J to 1765 : consequently the tyjiesof some of the 
common Euro])oan species actually are African, and the nimotypicaU' race 
is that which flies in Africa, as will he observed. Liiiiueiis also had several 
correspondents in Germany and on(‘ in Hungary, as may he inferred by the 
localities of his insects. I have found no evidence that Kiilder, ^^llo 
collected plants for him in several Italian localities, ever furnished him 
with insects. 

One of tho difficulties met with in working out the Ijiniioaii sjiecimens 
is due to the great amount of examples that Bniith added to the collection. 
However, after I had acquired some practice, I found that I could sej)arat(i 
the insects nearly always with absolute certainty, availing mys(*lf of s(iveral 
data : — (1) the labels in Linnauis’s own handwriting ; (2) the pins whi(*h 
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he used and which were longer, thicker, and coarser than Smith’s ; (3) the 
way the wings were set ; (4) the important fact that Linufcus marked 
in his own interleaved copy of Syst. Naturae, XII, edit., every species he 
possessed specimens of, by underlining with ink tlie number corresponding 
to it. With but one or two exceptions, I have been able to find all the 
specimens thus recorded; and in some instances I found a specimen 
labelled by him in the collection, but which he had evidentl)" forgotten 
to mark in the book. Smith followed the same method, but fortunately 
always used pencil-marks. 

It must furthermore be borne in mind that, as regards the species de- 
scribed in the work on the Queen Ludovica Ulrica's Museum (few in the 
case of Pabx^arctic), Linnseiis’s specimens cannot be regarded as the actual 
’“types,'’ but only as “co-types.” We know that the Queen presented 
Linna?us with duplicates when she possessed more than two examples, and 
we also learn from Brander’s letter, dated 23rd of August, ]75(>, that 
be used to send series of specimens both to the (Jiieen and to Ijinnams. 

Entomologists <lo not seem to have in all cases noted in which of 
Linnauis’s works the first descri])tion of the different species appeared ; so 
1 have thought it useful to mark the date of the original descrii»tion after 
each one, and it should be understood that they refer to the following 
works ; — 

1758. Systeina Natura% X. edit. 

j71j 1. Fauna Suecica, IT. edit. 

17(54. Museum Ludovica* Ulrica*. 

17(57. Sj’^steina Natura?, XII. edit. 

In the following list ol‘ Ijinnean s{)ecies I have adoj)ted the modern 
generic nomenclature and classification, so as to render reference easier ; at 
the head of each paragraph I have noted the specimens which I have been 
^ible to recognise with certainty as Linnean, and added a few observations 
wliich T think may be of some interest. 

In all cases in wliicli the examination of the types seems to necessitate 
alteration in nomenclature, I have endeavoured to set forth as clearly as 
possible the grounds on which 1 venture to suggest these alterations, with a 
view to coming to a definite* settlement. At the end of tliisj)aper a list of 
these alterations is given. 

The species marked by Jjinna'us as being in his coll(*ction are in the 
following ])ages marked by an asterisk, thus,*. 

^Paimlio podalirtus [(1758)-! 764]. Only one Linnean specimen, which 
bears this name in Linnreus’s handwriting. It is a female of the butterfly 
generally known as P, f/tstltawpli, I)up., African summer brood lotteri, Aust. 
— The other specimen which accompanies it bears a date (1786) posterior to 
the transference of the collection to England. 
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If one goes over the earlier literature concerning the name jmlaVmnH^ we 
find that it figures amongst the very first created hy ljinna*ns, but un- 
fortunately in a very unsatisfactory way : it is only mentioned in a short 
footnote on p. 463 of the X. edit, of ‘ Systema Natune ^ ; no descTij)tion 
accompanies it, hut only the following quotations : Kay, Historia Insect oriim, 
p. HI. n. 3 (1710) ; Keaumur, Hist, des Insectes, i. pi. 12, figs. 3, 4(1734); 
Kbsel, Collect, of Insects, i. dasse ii. pi. 2 (1746). Liniifcus then gives 
Southern £uro|)e as habitat, and adds that this butterfly is so similar to his 
American jyrotesiUuts that a thorough acquaintance with their early stages 
will alone prove whether they are to bo considered specifically distinct. 

Evidently Linmeus was not personally acquainted with this insecd in 1758. 
AVhen lirander^s African specimens reached Sweden the author of ‘ Systeina 
Naturae ^ cancelled wdth a few [)en-strokes on his own copy of the book th<^ 
footnote referring to podalirhts^ and in 1764 published a lengthy description 
of the African sj)ecies he had in hand, under the same name podaJlnuti, 

If it he boriK* in mind that the three authors (pioted by him figure or 
describe tho species which is more widely distributed in Europe, as is 
ascertainable by referring to their works, it comes to be clear that Liiinfeiis 
applied a single name to tw^o insects which the most recent observations have 
proved to be specifically distinct 

"VVe are thus confronted with the question, for which of the two ought the 
name to be used ? and it seems to me that the most satisfactory plan is to 
consider, as its owm author did, the first mention of the name in 1758 as null; 
the lack of any description, and tho imperfect and incorrect statements 
accompanying it proving that Liimieus did not know the insect he was 
mentioning, would, according to iny views, be quite sufficient ; furthermore, 
the original description of 1764 is given full value by the documentary 
evidence ©f one of the very specimens from which it w as draw n. 

If this were not enough, one might also add that before Linn.Tiis's 
description was published the European spjecies had already been carefully 
described and figured hy tho first author who took up the new nomenclature, 
Nicolaus Poda. In his ‘ Insoctu Musjoi Gra*censis ^ (1761) he ga^e such a 
good figure of a female of the summer brood tiiat it can bo readily identified, 
and, never suspecting it was the insect mentioned by his master in the 
aforesaid footnote, he gave it the name of P. sinon. 

This name I propose to validate as specific. If it bo accepted, several 
alterations will be found necessary amongst the names of the diftereiit races 
and broods. The summer brood becoming nimotypical, the spring brood 
will have to receive a name instead : Jtammcens of Fourcroy, Entom. Paris, 

* See 11. \"erity, ^ llliopaloeera Piilseaivtica,’ p. 293. 1 emphasize the fact tliat P. simn 
and podalirim feisthamvlij Dup.) both fiy together in Spain and Portugal and even, 
down to Tangier in Marocco. 
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11 . p. 242 (1785), winnot be adopted, because* its description gives no clue as 
to what generation the type belonged. In consequence, a name must be 
■created, and I propose that of vermm. 

As regards the Hispano-African species, it will bo found useful to 
maintain the name faistluimeli, Dtiponchel, whose original figure represents 
fbe Spanish summer brood, to distinguish it from the nimotypical African 
race, quite distinct from it in all the broods (see Synopsis of Alterations at 
the end of this note). 

^Pafilio machaon [1758]. The specimen, which is certainly Linuean 
and wliich bears his label, is a female of the first (or only) brood of a northern 
race, as may be inferred by its light yellow ground-colour, short tails, and 
narrow transverse bands, with their inner contour undulating but not pro- 
iluced in sharp dents. Another specimen, of doubtful origin, is certainly 
tsouthern, and a third is a British specimen from the Smith collection. 

Thais ri'mina [1758]. No Linnoan specimen. 

^Parnassius ArOLLo [1758]. No specimen bears a Linncan label, but 
•everything points to the fact that one of the three specimens in the collection 
was Linniean. It is a femah* of large size of the Scandinavian race. Two 
more specimens, from Italy, are Smith’s. 

*pARNASsirs MNEMOSYNE [1758]. A male and a female, the first of which 
is labelled by Linnoeus. These two specimens evidently come from the same* 
locality ; they are of a large, very white race, with the black markings much 
r(iduced and no wdiito patches in the vitreous marginal band. They probably 
•come from Finland, which locality Linnaeus gives as only habitat in his 
original description; but, as he adds Hungary in the XII. edit, of the Syst. 
Nat., I could not certify these specimens are not Hungarian, owing to the 
resemblance of certain individuals of the two races. At all events, it seems 
])lausibIo to consider the northern race as nimotypical t- 

’^'AroRiA cuAT-EGi [1758].. One male specimen labelled by Linnaeus is 
distinctly of Scandinavian origin ; the other English specimen is not 
Linnean. 

♦PlBKlS DAPLIDICE [1758]. The specimen, which is obviously Linnean 
and bears his own label, is a female of the summer brood ; another female 
and a male are probably from Linnfcus’s collection as well. They all three 
belong to the large European race, with the black markings widespread and 
their outlines diffused and with broad and vividly green markings on the 
underside, contrasting with the form or race, as the case may be, nitirfa, 
Verity. 


t See * Hhopalocera Paltearctica/ p. 320. 
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*PlERis NAPI [1758]. Only one specimen; this is obviously Linnean, 
and bears his label. It is a male of the Scandinavian race : small, basal 
suffusion of wings widespread and very black ; apical marking extending far 
backwards along outer margin; on the underside ncuration of fore wings 
distinctly bordered with grey scaling, that of hind wings with very broad 
and very dark olive-green veins. The female is English and has been added 
in by Smith. 

The Linnean “type” is identical with the specimen T have figured in 
* Rliopalocera Palajarctlca/ pi. 32. fig. 32, L e. to the race which on p. 333 
I discussed and proposed to distinguish under the name of arcticaf assuming 
the nimotypical form to be the common spring form of C'entral and Southern 
Europe. In reality the Scandinavian race is more closely allied to the Alpine 
hryoniiv than to the so-called napu but as it seems to constitute a sort of 
intermediate race between the two, I should not be inclined personall)' to 
substitute the name of najn for that of bryonue simply on this ground ; more- 
over, the ])resent state of things regarding this group of Pieri^^ is very 
unsatisfactory, and as yet we have reached no definite conclusion as to the 
biological degree of distinctness lietween napi^hryonhv^ ochsenheimeri, fviyida, 
and the allied North-American butterflies. 

Suffice it, then, now to have established that the Scandinavian race is 
the nimotypical one, and to distinguish from it the well-known butterfly of 
( Antral and Southern Europe whose summer brood Esper has named najxvw^ 
and which in the first generation, though more similar to bryoniw and the 
Linnean napi^ can be distinguished from it by its larger size, more elongated 
wings, very reduced basal suffusion, shorter ajiical black crescent, shadeless 
neuration of the underside of fore wings, narrower, more sharply outlined 
and more vividly green veins of hind wings, and by the fact that the female 
never o^ers examples of the form with yellow ground-colour and ample 
brown suffusion. 

I propose the name of xmhjarb^ taking^as typical the first brood of the 
neighbourhood of Florence (Italy), because amongst the races 1 know it is 
that which keeps most constantly distinct from the Linnean one. 

If it be biologically proved in future that this butterfly is specifically distinct 
from bryonm^ no doubt the Linnean race will have to be grouped with this 
last and vuJgans will rise to specific rank as compared with ttapi^ wliilst the 
name hryoniw will serve to differentiate the Alpine race from the Arctic one. 

*PiERis RAPA^ [1758]. The only Linnean specimcji bears his label. It 
is a male of the first brood, with pale grey apical crescent, no discoidal spot, 
and underside of hind wings suffused with a thick black dusting ; presumably 
Scandinavian. 

Thus we find that the Linnean nimotypical form of this species is identical 
with metrUj Stephens (1827), and inmiamlata, Fologne (1857), and that it is 
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the summer brood, whoso characters are too well known for me to describe 
them here, which ought to bo distinguished liy ii name ; according to iny 
view’s on the subject I propose that of rpstions, 

*PiEias BRASsrc*® [17r)8], The onl)'^ Linnaean specimen bears his label. 
It is a (J of the first brood, with pale grej’ apical crescent and underside of 
hind wings suffused w’ith a thick black dusting. 

What has been said of rapa can be repeated here, and the name charirlea^ 
under which Stephens described the first brood as a distinct species in 1827, 
falls into synonymy ; however, in ihis case we have already for the summer 
brood the name of lepidii^ proposed hy Ttbbcr in 1907. 

*ErcHiiOE CAUDAMINES [1758]. There exist fourLiniifean specimens, tw o 
of each sex ; they are alike : large apical crescent both on upper and uiid(‘r 
sides, very widespread and very dark green pattern on the latter side of hind 
wings, with no traces of yellow. The characters of a northern race are thus 
developed to a high degree and fully justify the names given to other races. 

^Euchlok belta [17G7]. Under this name there exist two specimens, 
one of them bearing Linmeus’s label ; they are both females of the species 
which is generally knowui as euplieno^ Linn. 

Euchlok eupheno [1767]. No specimen, and in fact not marked by 
Linnueus as being in his possession. 

In the XIL edit, of Syst. Nat. Linnaeus describes under the names of heUa 
and of eupheno the female and the male respectively of a single species. Cramer 
overlooked this fact, and having evidently also overlooked the character' of 
“ rufous apex given in the description of he figured in 1782, under 
this name, a species which Linnaeus had never known. Butler, in 1869, 
pointed out this mistake and proposed the name of crameri for Cramer’s 
insect. As, however, up to the present date nobody knew what butterfly 
LinnsBus’s belia was, entomologists have preferred to consider it as null, and 
Butler’s name has had no success. Now that it is known, it seems obvious 
that, as it is desirable to come to some definite settlement based on positive 
facts, the most reasonable view to take is that of re-establishing the name 
Mia for the species it was created for and re-enforcing Butler's name for 
Cramer’s insect. Let it also be noticed that in Syst. Nat. the name helia 
stands before eupheno^ so that, strictly speaking, according to the International 
Rules of Nomenclature, it also has the right of priority over the latter, and 
furthermore that the types of eupheno are for the present unknown, so that 
it is only the habitat ^‘Barberia'’ which gives a clue as to wliat species 
Linnreus meant it for, his brief description fitting euphenoides as w^elL 
Staudinger did not accept Butler’s and Kirby's suggestion of re-establishing 


See ‘ Rhopalocem Pakearctics/ p. liv. 
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the name helia in the place o£ eapheno^ on the ground that Linufcus’s 
description of the former iniglit have been meant for another Algerian 
species, 2\ omphale. This view cannot stand if one remembers that in the 
times of Brander no European liad ever got to the southern desert regions 
haunted by omphaJe. 

^Lkptidea siNAPis [1758]. The specimen labelled by Linmeu> is a male 
of the spring brood with very large diffused apical patch of grey at apex and 
very abundant and dark scaling on underside of bind wings ; another 
specimen is a male of the suniiner brood, very near the form known as 
Boisd., and bears the locality ‘‘Hung.*’ in Linmens’s handwriting 
(it is the only Linnean specimen 1 have seen with a locality attached 
to it!). 

The original description of this species applies as well to the summer as 
to the spring brood. Tlie specimen which has been labelled by Linnams is 
to all apf>earance Scandinavian, and, strictly speaking, it probably ought 
to be taken as the tyjie, because Linnscus presumably only received his 
Hungarian insects after the X. edit, of Syst. Nat. was published ; this may 
be inferred bj’’ the fact that he gives the habitat Hungary for P. mnemost/ne 
only in the XII. edit. 

This consideration does not seem, how^ever, to be of sufficient value to 
oblige us to drop the well-known name of latJn/ri^ Hiibn., for the first brood. 

*CoLTAS PALiENO [17G1]. Thc Specimen bearing the Linnean label is in 
no way the insect which is known under this name ; it certainly belongs to 
the same group, having the underside of hind wings thickly suffused with dark 
scaling, and a silvery discoidal spot devoid of any ring, but its bright yellow 
U[)pcr.side and narrow marginal band with a slightly undulating inner margin 
and yellcfw veins partially intersecting it distinguish it promptly ; the only 
butterfly I could refer it to is the American alewandra, Edw., wdiose habitat, 
however, makes it highly improbable tharLinnseus should have obtained it. 
Two more specimens, which are unmistakably Linnean, are a male and a 
female of the Scandinavian race of paUvno. 

As the original description is in ‘ Fauna Suecica,’ I should think there 
was no doubt that Linnaeus meant it for tlie butterfly of his country which he 
was well acquainted with, and there is no reason to alter the present 
nomenclature. 

"^COLIAS HYALE [1758]. Two males and a female, which all have the 
look of Linnean specimens and seem to be of the summer brood. 

*Goneptbbyx rhamni [1758]. The Linnean specimen is a male of the 
' northern race : small, light yellow^, discoidal spots so small and pale as to 
be nearly invisible. 

LINN. JOURN. — ZOOLOGY, VOL. XXXII. 16 
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Thus Rober is fully justified in having named the race from Africa and 
Asia Minor, which is transitional to fartHom^ and I think it equally useful 
to distinguish the race from Southern Europe, which is intermediate between 
the race of Linmeus and that of Rdber : I therefore suggest giving it the 
name transfeu.% taking as typical the Italian specimens in my collection. 

^Gonepteryx cleoj*atra [17C7]. A cJ, which is obviously Linnsean, 
and bears his label, unmistakably belongs to the North African race, as may 
be seen by its rich colouring, by the orange patch of fore wings nearly 
reaching the external margin, by the underside of a vivid green with a 
slightly milky appearance. 

All these characters correspond to those of the race which Kbbei* named 
iimmitanira ; furthermore, Linnanis only gives Barbaria as habitat of this 
species. There is, in consequence, no doubt that the nimotypical race should 
be the African one, and as the European one is quite distinct from it, I 
propose to designate it by the name of taking a»s typical that which 

flies during the spring in the neighbourhood of Florence (Italy) ; the form 
which is produced by extreme heat has already received the name of kaliva^ 
Gerh., but it is by no means the commonest form even in the height of 
summer. 

^Charaxes JASON [1758] ^jashts [1707]. The Linnoan specimens are 
a male and a female of the North African race, as proved by their large size, 
dark colouring, long tails, and eliiefly by the very small size of the greyish- 
blue spots which, on the hind wing, precede the yellow marginal band. ^ 

As in the case of Gr. cleopalra^ the oidy locality given by Linnanis in the 
XTI. edit, of Syst. Nat. is Barbaria (in the X, edit, and in Mus. Lud. Ulr. 
the locality “ India is obviously erroneous 1). The nimotypical race is 
thus proved to bo the African one, and, as that which flies north of the 
Mediterranean can be constantly separated from it by its inferior average 
size, by its lighter colouring, shorter tails, and much wider and more pro- 
minent blue spots on hind wing, often blending in a continuous band, 1 
think it should be designated by a name. The specimens which are to the 
greatest degree removed from the African ones are, to ray knowledge, the 
Tuscan, and 1 propose to take them as typical of a race septentrionalis. 

^Apatura IRIS [1758J. There exist four specimens which are obviously 
Linnean, and two English specimens added by Smith. Of the first, one is 
a male of the insect generally known as ilia^ and bears a label of Linnseus, 

ins ; another is a m^e of its form ch/tie, and equally bears the name “ iris ” 
in Linnams's handwriting ; a third is a female of this last ; and a fourth is a 
male of the species generally palled iris : it is set so as to show the underside. 

It we now turn to the Linnean literature on the subject, we find that 
Linnaeuses original description, which he afterwards simply transcribed, is 
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<jiute insufficient for us to make out what species it is to be referred to. 
Fortunately, however, Linnasus has furnished us a clue which proves that the 
specimen labelled irh by him is actually the one he intended to descri])e. In 
his own interleaved co])y of thoiX. edit, of ‘Syst. Naturfc’ ho has added a 
side-note which evidently can only be ascribed to the character distin^uishin^r 
Hia auctorum from ins auctoruni on the upper side of the wind’s. I quote the 
description of the fore wings and add the hand-written note inclosed by 
brackets: “Prirnoros supra niaculis albis sparsis in medio & oxterius [et 
ocello nigro indo ferrugineo].” 

It seems to me that those who wish to establish nomenclature once for all 
on grounds which are not open to criticism will find it advisable to correct 
tile mistak(' made nearly a century and a half ago, and to re-establish the 
name iris for the species of wdiich Jjiimanis has left us two types. In conse- 
(juence, 1 venture to suggest that the name psemioiris should be adoiited for 
tile false iris of authors. 

IjImenitis POi*iTLi [1758], Though this species is not marked by Linnams 
as being represented in his collection, there exists a specimen labelled by him. 
It is a male with well-marked white bands. 

LiMENiTis sjjULLA [1758]. Of tliis species there exists no example liearing 
a Linnean laliel, but one of the specimens strongly suggests a Linnean 
origin. 

^Grapta o-alhcm [1758]. The Linnean typo belongs to the form with 
very dark underside ; three more specimens have been added ))y Smith. 

* Vanessa lo [1751], No specimen from the Linnean collodion is now 
in existej,ice. 

^Vanessa antiopa [1758]. It is very likely that the typical specimen is 
of American origin, lieing small and liaving a narrow marginal band. 
Linnaeus quotes America as well as Europe, showing ho had r(‘ceivcd it from 
the New World. 

*Vanessa polychloros [1758]. Linnaeuses speeimen is remarkably small 
and light-coloured on the underside. 

* Vanessa urttcas [1758]. What has been said of V. io may be repeated 
here. 

*Pyrameis atalanta [1758]. The example labelled by Linnfcus is of 
the commonest form, with moderately wide crimson bands. 

^Pyrameis cardui [1758]. There is nothing noteworthy about the one 
typical specimen. 


16 * 
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*Araschnia lev aka [1758]. As in last species. 

Auaschnia PRoitSA [1758]. Linnneus describes this brood as a spccics^ 
distinct from levana^ but evidently did not possess it. 

*MELiTiKA MATi'RNA [1758]. A male and a female, unmistakably of 
Linneaii origin. In the former bands of a fine red stand out on the lighter 
ground-colour of the wings. 

^Melit.ea Cikxia [1758], The type is a small, but brightly coloured,, 
$ of the Scandinavian race, and j)resnmably comes from the Botanical 
Garden of U]>psala, which Liurucus, in ^ Fauna Suecica,’ gives as the habitat 
of this species. 

"^Argynnjs EurHROSYKE [1758]. One small example from the collection* 
of Linnanis. 

Argynnis dia [1767]. Described from an Austrian specimen, but not 
pOiSsessed by its author. 

*^Argynni8 niobe [1758]. 'Ihere exist two Linnean specimens, one of 
which bears a label in his handwriting. They are two males, exactly alike, 
and belonging to the form with no silver markings on the underside of the 
hind wings, except some minute specks in the pupils of the rusty spots which 
stretch across the wing within the light-coloured space. 

It one refers to the original description we find that it exactly answers 
to those specimens, so that this should he considered the nimotypical form, 
and the name eris, which has so long been used for it, should be sunk in 
synonymy. 

*Argynni& CYDiPPE [1761] = adippe [1767]. The specimen which bears 
this name in Linn 80 us's handwriting, and which in every respect is unmis- 
.takably of Linnean origin, is a female of A. niol^e and belongs to the so-called 
nimotypical form of this species with silver spots on the underside developed 
to the highest degree. 

This startling observation enables me to point out a j^ross mistake made 
by Esper in 1777, which has been continued for nearly a century and a half. 
Linnajus's description agrees in every respect with the specimen, labelled by 
him cydippe*'^ (a name which he changed in 1767 into adtppe\ but as he 
described this female as a species distinct from niohe^ owing to the variability 
of the underside, and as his description was not aoenrate enough to convey 
exactly what he, meant it for, Esper did not hesitate to attribute it to the 
only similar European species without a name. The result is that down to- 
this day the latter has remained without one. 
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The name s;/rin^v was proposed by Borkluiusen for an abnormal pair figured 
by Esper, and the name herec^uthia of Poda is accoini)anied by such a vague 
description that it is impossible to make out what species it is meant for ; so 
that, according to my view, the best plan we can adopt is to dedicate this 
species to the entomologist wlio discovered it, and name it esjteri^ taking his 
figures as typical. 

The name ct/dippe can stand for the form of uiohe with silver markings, 
and the alteration suggested by Linnmus six years after naming it had better 
be discarded to obviate confusion. 

AnoYNNis AOLAJA [1758]. A pale female example bears the Linnean label 

^Akoynnls LATH014IA [1758]. The type of Linnmus belongs to the small 
and pale northern race. 

*Akgynnts paphia [1758]. One nial<^ specimen from the Linnean collec- 
tion is unmistakably of northern origin, as may bo seen by the very prominent 
l)ands and spots on the underside of the hind wings. 

*Melanaikua <ulathka [1758]. The female labelled by Linmens is a 
large example and belongs to the dark form of this species, contrasting 
sharply witl) the smaller and much lighter British race, of which specimens 
have been added ))y 8mith, 

"^Euebia lkjea [ 175 «S]. Two specimens, a mule and a female, are unmis- 
takably Linm'aii, and obviously belong to the same race of the species, a 
jiortliorn one, being smallish and rather dull in colour. The female bears the 
name in Linnanis’s handwriting. A third specimen, of the male sex, is 
probably also Linnean. 

*Sat^uus HEKMioNE [17(51]. The specimen which bears this name in 
Linmeus’s handwriting unniistakahly belonged to his collection. It is a male 
of the species generally known as ulnpme^ Schilf*., and all its distinctive 
characters are most prominently marked. It belongs to a tl'entral-European 
race, with the white band on the upperside of the fore wings rather con- 
spicuous and containing two ocelli. Another specimen, which is certainly 
•also of Linnean origin, is a male of the species known as hermione and of a 
vtyentral-European race of small size, with rather inconspicuous white bands. 
It is set so as to show the underside. 

If we refer to Linnaiiis’s original description we find that, on the whole, it 
as insufficient to enable us to make out which of these two species he meant 
it for (and the figures he quotes as representing Ins hermioae are very good 
reproductions of fdia in one instance and of circe in the other!), but one 
character he mentions is worthy of attention : lie describes the band of the 
underside of the fore wings as being tawny in colour ; as this is the very 
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character wliich, in a rough way, is the best to distinguish alnjone from 
hermioney and as the individual labelled by Linna?us possesses it to tho 
very highest degree, there can be no doubt that that specimen actually 
belongs to the species Linnjeus meant to describe. 

If this conclusion bo accepted, it is clear that akyone must become 
synoiiymic of lievmiom^ and that we must turn somewhere else to find the 
name to he adopted for the other closely allied species. It must be noted 
that Scopoli in ‘ Entomologia Oarniolica^ had described a Satyrvs of this 
group a year before Linmeus ; but unfortunately it is utterly impossible to 
make out from his description which species it is, so that his name fagi can 
only be regarded as non-existing. We next come to Esper, and we find 
that he clearly saw the differences between the two allied species and figured 
them under the names of hermione major and hermione minor. The first must 
evidently be adopted, although it unluckily is anything but highly reconi- 
inendable to stand as specific. 

Satykus fidia [17C7]. Linmeus never possessed this species and never 
seems to have realised that Petiver’s figure in ‘ Gazophylacium,’ 12, jd. 7. 
fig. 5, which he quotes under liermioney in reality represents this insect. 

Satyrus seimelk [1758]. Altliough not marked in Linnaeus’s copy of 
Syst. Nat., there exists a female specimen from his collection ; it is of the 
small northern race. 

^Satyrus briseits [1764]. One specimen unmistakably Linnean ; it is 
obviously of German origin, and, in fact, that is the habitat given with the 
original description. 

^Satyrus PHiEDRA [1764]. One Linneap male, evidently from the same 
locality as the last. 

^Epinbphile jurtina [1758]. The specimen bearing the Linnean label 
is a fine female of the North- African race, usually known under the name of 
fortunata^ Alpli. 

As this name stands in Syst. Nat. before janira, Staudinger has done 
well to point out that, according to the accepted rules, it has the right of 
priority, but, now we know that the type is of African origin, we must 
furthermore add that this race should be considered as nimotypical and 
Alpheraky’s name sunk in synonymy ; it must also be noted that Linnjeus 
gives Africa as well as Europe as habitat of jurtina^ showing he knew of 
females from both localities. 

*Epinrphilk JANIRA [1758]. The insect labelled by Linnepus is a small male 
of the preceding species with very inconspicuous apical ocellus and no trace 
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o£ tawny band on the tipperside. It obviously belongs to the Central-Europeiin 
race, and this view is confirmed by the fact that Europe is the only locality 
given, proving that Linnieus had never received any males from Africat. 

We cfin thus come to the conclusion that the name janira should be used 
to designate the European race oi juHina^ taking as typical of the former 
Oentral-European one. 

Epinepjiile TiTHoNUs [1771]. No specimen of liinnean origin of this 
species, which was described in ^ Mantissa Plantaruin,’ p. 537, from speci- 
mens of a German race. 

[*Pararge DEJANiRA [1764]. A male of this species, over which ScopoH 
has a right of priority, having described it in 1763 under the name of 
ackine,^ 

Parar(.e .KdEiiiA [1758]. Linmeus does not seem to have possessed thi*^ 
species^ for which he giv(‘s >Southern Europe and Africa as habitat. 

Parakge megera [1767]. There seems to be some confusion in the 
Linnean collection concerning these two species : a female specimen of 
meyera seems quite Linnean and bears a label on wdiich ‘^17 a?ger.^’ is 
written in his handwriting; another label in Slnith^s handwriting points 
out the mistake, about which there can be no doubt, as the original descrijn 
tions of the two species are quite clear. Austria and Dania are given as 
localities for meyera. 

Pakargk makra [1758]. This species is not marked as having been 
represented in Linmeus’s collection, but four specimens are unmistakably of 
Linnean origin. Furthermore, one of them, a female, bears a label wdtli this 
name in his own handwriting; another^ a male, bears the name philippns 
traced by the same hand, and is set so as to show the underside — the latter 
name does not appear in any of LinnaHls^s works ; a tliird specimen is a 
female exactly similar to the first, and the fourth is a male of the species 
wdiich Fabricius described later as Mem — these two examples have no label. 

The three maera just mentioned are quite typical of the very definitely 
distinct race which flies in Scandinavia : small size ; no trace of tawny band in 
the male, very rudimentary (if present at all) in the female ; underside of fore 
wings entirely chocolate-brown with a small patch of deep mahogany-red, 
that of hind wings abundantly suffused with dark shadings ; on the wdiole, 
this race looks much more similar to Mera than it does to other maera, and 

t This WHS probably the principal cause which led him to describe them as a distinct 
species. 
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it would be nearly impossible to separate them in some cases if it were not 
for the characters of the central streak of the fore wings. The Central- 
European forms having always been regarded as nimotypical of the species, 
Schilde suggested distinguishing the Scandinavian one by the name of 
monotonia. Here, as in other instances, it would be wise to settle nomen- 
clature once for all on the base of positive facts ; so I suggest abolishing the 
latter name and giving one to the race from Central and Southern Europe 
which is exactly intermediate between the two extreme variations of the 
species — the Linnean and adrasta. It is by far the most widely distributed 
of the three, and even within its range interesting local races can be 
detected ; so, to fix it more exacth% I propose to take as typical of my 
mdgaris that which flies in the neighbourhood of Florence (Italy). It is not 
so large as some of the Alpine races, but it has the advantage of being very 
constant. The male has traces of a tawny band above, the female has one con- 
stantly, and generally also a small indefinite patch of tlie same colour within 
its inner margin ; the underside of fore wings has a uniform lawny ground- 
colour, and the hind wings a clear uniform grey one, on which tlic trans- 
verse stripes stand out well. All these characters contrast with those of the 
I^innean race. 

*Aphanthoptts HYPEKANTUlTS [1758]. A male and a female from 
Linnuius^s collection are of the small form with smallish ocelli. 

*CcENONYMPHA 1‘AMPHiLrs [1758]. Two Liuncau specimens of the small 
northern race, with hind wings dark on the underside and bearing a well- 
marked white hand. 

CcENONYMPHA HERO [17G1]. Not possessed by Linnaeus. Sweden given 
as the habitat. 

OcENONYMPHA ARCANiUH [1761]. Though not marked as possessed by 
Linnmus, there are two specimens which unmistakably come from his col- 
lection, and one bears a label of his. They belong to a very small northern 
race and are presumably Scandinavian. The marginal black bands of wings 
are very wide ; on the underside the white band of hind wings is narrow and 
the ocelli small. 

*Nkmkobius lucina [1758]. Two Linnean specimens. 

*Thecla prtjni [1758]. One male hearing the Linnean label; it is of the 
form with only one small orange lunule near anal angle of hind wings on 
uppersido and with a narrow^ orange band on underside. Another specimen, 
which is evidently from the collection of Linnaeus, is a ilicis with orange 
patch on fore wing ; he probably took it to be specifically identical with 
pruni. 
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^Zephyrus betul-<e [1758], The <‘xainj)Ie labclleil by Linnams is a 
female with a large orange patch on fore wings ; a male specimen is 
unmistakably Linnoan as well. 

^Zephyrus quercus [1758], A male from the Liniiean collection is 
evidently of European origin. 

’•‘(Jallophrys rfbi [1758]. The one Linnean specimen is a female, unmis- 
takably of the nortbern race, as may be seen by its small size, dark under- 
side, and chiefly by the complete absence of any white streak. 

Thus the names of borealis^ KriiL, and poluria^ Miischl., by which tliis race 
had been distinguished, have no reason to exist ; and, assuming it to be the 
nimotypical one, it is the race commonly distributed in ( /cntral and part of 
Southern Europe which should be designated by a name ; that of virgatia 
seems to me appropriate for it. Its characters are intermediate between the 
Linnean race and those of fercida^ Stdgr., from the warmest portions of 
the habitat of vubL The names immamlaia, Fiicbs, and ptuiclata^ Tiitt, are 
useful to indicate its extreim^ individual variations. 

'finvsoPfiAXrs VTiuJArUE.E [1758]. Throe Jnnnean examples, of which 
one b(*ars a label. They belong to a small and j)ale northern race, with 
markings on the undersiile very reduced in size and nnnib(M\ 

The habitat given by Liniueus being Westmaniu, there is little doubt that 
these s])eciinens are from that locality. As in the of the European 
&c.. it wdll j)robably be found convenient to separate from this 
distinct northern race that of tlie inoiiiitains of (Jeiilral Europe, always dis- 
tinguishable by its larger size, much brighter colouring, and more prominent 
markings of underside ; the male on uj)perslde has a richer redder tone than 
is ever the case in Scandinavia. I propose for it the name of inaljnmia, 1 
think the name of ommda^ given by Freyer to the extreme northern form 
from Lapland, oa,n lx* ])n\served, as that race is not identical with the nimo- 
ty{)ical one, being still smaller and paler. The race wdiich stands further- 
most from the latter is, to my knowledge, the large and boldly marked 
rirgaurew of the Maritime Alps in Piedmont (Valdicri, 1400 in.) : so it 
might be taken as typical of i/uiljnnus, 

"^(^HRY SOPH ANUS HiPPOTHOE [1761]. The two Linnean specimens in 
existence are males of the species which is generally know n under this name. 
They evidently belong to a northern race and are j)r(*sumably Scandinavian, 
-as Linnipus describes this sjiecies in ^ Fauna Suecica.^ They present eharaclers 
intermediate between those of the form which is generally considered as 
nimotypical and the chameters of the Alpine form ettri/bia^ Ochs., agreeing 
wdth the latter by their small size, dull colouring, and diflhsed black shadings, 
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and With the former by the presence of a small amount of violet scaling 
along the cosfcil margin. The specimen which bears the label of Linnjeua is 
an aberrant one : on the underside of both fore and hind wings the two 
series of ocelli which precede the submarginal orange band are confluent^ 
and give rise to a single scries of wedge-shaped streaks, as in the specimen 
figured by Gerhard under th(^ iiame of ab. conftuens. 

The fact that have the Linnean type of this species under our eyes is 
very interesting, because it had been held in doubt by many entomologists 
whether the species which is generally known as hippothoe was really that 
w^hich Linmeus intended to describe, and whether it was not more likely to 
be C, dispar. The ])oint of this controversy is now’^ evidently settled. 

An error of secondary importance, wdiich, however, I think it would be' 
well to rectify once for all, as in the case of other species, is that regarding 
the nimotypical race. The C/cntral-Buropean one has alw^ays been regarded 
as such, and, accordingly, run/hia from the higher Alpine ranges and stiebtri 
from Lapland bad been described as varietal forms. On the contrary, we 
now know that Linnjcus's types are identical with the latter and nearer allies 
to the former than to what was considered the nimotypical form ; so that 
the most beautiful and highly specialised race of hippothoe in which both 
sexes are vividl}^ coloured — the male being of a very bright reddish copper 
on upperside with a strong purple gloss, and presenting a distinct orange sub- 
marginal band on underside — ^lias to this day remained unnamed. I propose 
the name of mirvs, taking as typical of it the race which flies in the Pyreiif'c^s 
and which is t(iiite similar also to the German one (Oassel, Berlin, etc.) ; to- 
my knowledge it is furthest removed from ewtyhia, 

"^Chrysophanl’s thl.eas [17(i1], No Linnean specimen in existence 
now\ 

Lampides B(ETIOUs [17t)7]. Linnicus gives Barbariu us habitat for this 
species, but it was not represented in his collection. 

*Lyc/ENa argl’s [1758J. Two male specimens of Linnean origin, one of 
which is labelled. They are large, brightly coloured, and very white oa 
underside, and belong to the species to which Staudinger.and most previous- 
authors rightly attribute this name. 

Few' species have been the object of longer debates amongst naturalists 
than this and the following. These are the only Linnean types, strange as 
it may seem, which any entomologist has referred to in a direct way, to- 
settle definitely the controversies caused by the insufficiency of original 
descriptions. Tutt, in fact, examined the two insects, and placed his con- 
clusions before the Entomological Society of London in the meeting of the 
17th of March, 1909. I can in this case fully agree with them. As regards 
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the following species, ho seems to have overlooked some facts on whichjfl 
wish to lay particular stress. 

LyciENA IDAS [1761]. This insect is not marked by Liunanis in his copy 
of the XII. edit, of Syst. Nat., because he only quotes it in that work as a 
synonym of argiis. There exist, however, two specimens which are unmis- 
takably Linnean. The one which now boars his label is a female with wings 
entirely brown and one fulvous lunulo near anal angle. It is unfortunately 
one of those specimens of this sex which it is very difficult, if not impossible, 
to refer with certainty to or to its near ally. I am personally mor<‘ 
inclined to consider it as belonging to the latter rather than to the former. 
The other Linnean specimen is a most ty f»ical female of the s})ecies for which 
Stauding(*r has proposed the name of arayrognornon^ Bergstr., and further- 
more, curiously enough, it belongs to the blue form of that sex for which the 
name argyrognomoa was published, and which Staudinger proposed to name 
rallarga. The basal half of the wings is entirely blue, and they bear very 
j»roininent fulvous marginal liinules. 

Turning our attention to the Linnean literature on the subject, we first 
find the name Wa.v in ‘Fauna Suecica ’ given as “nomen triviale’^ to the 
insect which Linmx'us had already described before he took to the binomial 
nomenclature, and in the “ iiomen specificum of which ho clearly stated 
tba-t the wings were blue witli rufous marginal luiiules. This brief descrip- 
tion be transcribes in all his following works when quoting idas, (furiously 
enough, in the somewhat more lengthy one which follows it, tliere is an 
open contradiction, as it is stated that the wings are entirely brown. It 
seems to me that the “ nomen specificum from every point of view ought 
to be considered as the original description of idas, the more so seeing that wo 
have before us the striking fact of the existence of the specimen tor which 
the name was created. 

Thus we are led to the conclusion tliat even if the brown specinuui 
is a female of argus^ it is the blue one which ought to bo considered as 
the type of idas ; and we can definitely settle the question regarding the 
names of the two species in a very satisfactory manner by discarding the 
long-debated name of (tgon, as was suggested by Staudinger, .and by re- 
establishing the Linnean name of idas in the place of argyroguomoh, which, 
for several good reasons, had not been favourably accepted by most ento- 
mologists as specific. 

In any case it will be found necessary to alter the name idas given by 
Bambur to a Spanish species of the same genus, and it might be dedicated 
to its author under that of ramlurL 

*LYCiENA ARION [1758]. The Linnean specimens consist of a darkish 
male and of a much lighter coloured female. 
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^(H’^ANiKis AiiGiOLUS [1758]. The Linnoan type bearing his label is a 
female of the spring brood, as may be seen by its small size, narrow black 
marginal band, and prominent spots on the underside. 

"^Pamphilus comma [1758]. There are three specimens from Linnaeuses 
collection, two males and a female. One of the former and the latter unmis- 
takably belong to the norihern race, being small and dark with prominent 
**j[uadrangular spaces on the underside. 

*Hesperu malv^: [1758]. One Linnean male of this very constant 
species. It exhibits to a marked degree the characters distinguisliing malvcv 
from nialvoideSy Elw. & Edw. 

"^X^ianaos taoes [1758]. The three males which evidently belonged to 
Liiinjeus are of the form with dai’k ground-colour, rendering the black bands 
and markings very inconspicuous. 


Sj/nojms of Proposed Alterations. 

Substitute ; In place of : 

Papilio »imn simn^ Poda Papilio podaHrlm^ auct,, zaftclaeitSf Zell, 

„ „ vemnsy nom. nov ,) podnUrim. 

„ podtdinus podalinus podalimis, L. . . feisthameli^ Dup,, lotUn lofieriy Aust. 

., „ maura, A’^erity, podalirim, maura „ 

L. 

,, „ podalirim feisfhamelij „ ft teisthamelifeisthaindi. 

Dup. 

„ mieyif Tliierry-M., fm- „ ,, mieyi „ 

tkamdi, Dup. 

Pieris napi mpt napi, L Pteris napi napi arcticay Verity. 

„ „ vidgaris vidgarisy noiu. nov „ „ „ napi^ auct. 

,, nnpeeatj Esp., mdyaris „ naptem napi. 

„ rajuxt rapfc ra^HPf L „ rapte metra, Steph,, rapte. 

„ €eUivu8f nom, nov., rapae „ „ rapaif „ 

M brasaioes braasic<c hraasietp, L „ braaaicce clMriclm^ Steph., braaaica. 

ft „ lepidiif liob., braaskee, L. . . „ „ braasica, „ 

Piwhloe belia, L Puchloe eupheno^ L. 

„ crameri, Butler „ belia, Cramer. ‘ 

Gonepteryx %'hamni, L,, tranaienay nom. nov. . Gompteryx rhamnw Soutb-European race. 

„ Cleopatra vleopatra, L „ cleopatra nxauritanica, Bob. 

„ „ mropmm, nom. nov. . . „ „ cleopatra. 

Charaxeajadm, L., aeptmitrmmlia, nom. nov. Charaxes jaaiua. European race, 

Apatura trie, L Apatura ilia, Scliiff, 

„ paendoina, nom. nov „ im, auct. 

Aryynnia niohe niobe, L« Aryynnia niobe ena, Mieg. 

ff ^dippe, L. ,, „ fitobe, auct. 

„ eaperi, nom. nov „ adippe, auct 
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Substitute : 

Satyriis hemiione^ L 

„ major ^ Esp 

EpinephUa jurtim Jurtim, L 

„ „ Jantra, L 

Pararge maera tnaera, L 

„ „ rufparis, nom. uov 

Callophrys rubi ruhi^ L * 

„ viryatuSf nom. nov. 

Chrysophanus mryaureae inalpinus^ nom. nov. 

„ hippothoe liippothoe^ h 

„ „ mirus, nom. nov. . . 

Lycana idasj L 

„ ramhuri, nom. nov. 


In place of : 

Satyrmt alcyonr, Scliiir. 

„ hennione^ auct. 

Epinephile juriim foriunata^ Alpli. 

,, ,, jnrtma. 

Pararyr maera monotonia^ Schildo. 

,, maera, 

Calophrys rubi horealia^ Krul. (— liolarhf 
M(isclil.). 

„ „ rubi, 

ClDysophantui viryaurere, Centrnl-European 
race. 

„ hip2>othoe stiehevi, Ger. 

., hiiipoHioe, Central-Europeaa 

race. 

Lycama aryyroynomon, Bergstr. 

,, idasy Kainb. 
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Observations on certain Names proposed in Dr. Verity’s paper on the 
Rhopalocera Palmarctica in the (.'ollection of Linnaeus. By Dr. Kari. 
Jordan, ((’ommnnicated by the President.) 

[Head 1st May, 1918.] 

Having had an opportunity of reading Dr. Verity’s inhsrosting md 
imjiortant investigation of the liinnean Palsearctic butterflies, J sliould be 
glad to make a few observations eoneerning the name.s proposed by that 
autlior in substitution of those now in cnrrenc}'. 

It must be .admitted that the Linnean sjiecimens are of gresit historical 
interest, and Dr. Verity knows the Palsearctic butterflies so well, that his 
identiiications of the Linnean specimens may be accepted as perfectly correct, 
and the sp<‘cimons and labels claimed to be Linnean by Dr. Verity may be 
regarded as undoubtedly genuine. 

On the other hand, there is no proof positive that these specimens are tho.so 
from which Linu.aius drew up the descrijitions for the ‘ Syst. Nat.’ ed. X. 
(17, IS); ill the absence of such proofs we cannot follow Dr. Verity in 
according them the status of “ types.” 

The utmost care and cireuinsjiection should be e.xercised before a change 
of name is proposed, and if ihero is any doubt, as to the necessity of the 
change, no change should be made. Even if the Linnean specimens could 
be proved to be “ types,” some of the changes in nomenclature j.rojiosed by 
Dr. Verity would neverdieless be unwarranted and would give rise to just 
and strong protests, e. g. in the case of J^apilio podaliriiis. Three e.xam])les 
difl'erent in character may suffice as a criticism of Dr. Verity’s arguments. 

a. Papilio podalmns . — The name was ba.sed by Linmeus in 1758 on 
recognisable figures of the Central European Scarce Swallowtail. It is 
entirely indifferent from a nomcnclatoritrrpoint of view whether Linnaeus 
had seen a specimen or not. Names are frequently being jiroposed for 
species known to the author only from figures or descriptions, and such 
names are valid. 

b. AjHitura tW«.— The iris of 1758 is composed of two .species, one bearing 
an ocellus both on the fore and the hind wing, and the other species having 
a distinct ocellus only on the hind wing. The descrijition of 1758 only 
mentions the ocellus of the hind wing, and therefore applies strictly to 
the species generally known as iris. Moreover, in the case of comj)osite 
species any subsequent author is at liberty to restrict the name to one of the 
species. This was done in 1776 by Schiffermiiller, who gave the name of ilia 

- to the bi-ocellate species. It is entirely indifferent from a nomenclatorial 
point of view that Linnaeus has added a manuscript note to the original 
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description. Tliis note — posterior to 1758, and to the effect that iris has a» 
ocellus on both wings — may, however, be taken as evidence that Linn sens 
received specimens of the bi-ocellate species after 1758. 

c. Argynnis adippe . — The Linnean description applies equally well 16 the 
silver-spotted form of niohe as to the insect generally known as adippe 
{^cydippe preocc.), although Eaper (in 1782) was em])hatic on the point that 
the description best fitted the species he figured as adippe* If the female 
from the Linnean collection can be proved to be the one on which the name 
cydippe was based in 17(>L a change of name would be necessary in 
accordance with the law of strict priority. That proof it will be difficult or 
impossible to furnish, and some doubt will remain as to whether Esper in 
1782 was really wrong in figuring as adippe L. the insect known under that 
name ever since. 
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On the Classification of tho Order Symphyla. 

By Bichard S. Bagnall, F.L.S., F.E.S. 

(Hope l)ept. of Zoology, Uuiversity Museum, Oxford.) 

[Read 3rd April, 1913.] 

As fur back as 1882, in a note on the Genera of the Scolopendrollidjc/’ * * * § 
J. A. Ryder shows that there are two forms, stating that “ tho first has the 
body very slender, tapering anteriorly, with the eyes or stenimata placed on 
the upper surface of the narrow, elongate head ; the second form has a 
broader, more robust body of nearly uniform width anteriorly and posteriorly, 
with the eyes or stemmata at the sides of the head and not visible from 
above, the head itself being nearly circular or sub-quadrate in outline 
from above. 

“ The first is tho type to which vre may assign the old designation of 
Scolopendrella originally proposed for it by Gervais f ; the second, of which 
Newfiort^s species (i. e., immaculata) becomes the type, may be distinguished 
gencrically from the first, as pointed out above, under the name of Scutigerella. 
The latter form is also distinguished from the first by the much greater 
devoloj)ment of the basal appendages of the legs.’^ 

Hansen in his excellent ‘Monograph of the Order Symphyla^ 
(established as an order by Ryder in 1880) says (p. 23): “The group 
•consists of one single family with two genera,” but in a footnote he adds, 
wdth some significance, “ Some zoologist will perhaps soon establish these 
genera as families, and divide each of them into two or more genera/’ 

Since Hansen’s work was published in 1904 single species have been 
•described by Imnis, Silv(^stri, and Attems, whilst I have bad the jdeasure 
of examining very rich English material comprising no less than fourteen 
species and have just received numerous tubes of Oriental material. 

Prior to the appearance of Hansen’s monograph Silvestri § diagnosed a 
new genus, Symphylella^ for the species of Scolopendrella in which the first 
pair of legs is absent, with imhelUr^ Grassi, as type. He also figured and 
described Scolopendrella notacantha^ Gervais, and S, pygniwa^ sp. ii., species 
which agree in tho possession of the first pair of logs, but which in my 
'Opinion are more strongly separated than pygmcBa and isahellw. This paper 
was not noticed by Hansen, and I am inclined to think that ScoL submida, 
Hansen, will prove to be synonymous with S. pygma^a^ Silvestri. 

In working out my material I have come to the conclusion that the 
^genera Smtigerella and Scolopendrella as diagnosed by Hansen represent two 

• Proc. U.S. Nat. Mas, v, (1882) p. 235. 

' t Ann. Soi. Nat. s^r. 3, Zool. ii., 1844. 

X “The Genera and Species of the Order Symphyla/ Quart. Journ. Micr. Sci. xlvii,, 1904. 

§ In Berlese’s ^ Acari, Myriop. et Scorp. hue. in Xttilia rep.,’ fase. xevi., 3 902. ‘ x 
linn, journ. — ^ZOOLOGY, VOL. XXXII. 17 
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main groups, here treated as subfamilies but which might in future he 
readily given family rank, and that each contains at least three strongly 
characterized genera. 

In the Scutigerellinfle (as I propose to name the first group) I was 
fortunate enough to collect two new species of the mi/nacw/a^a-group, which 
makes it safe to deal with imrnaculata as a type distinct from the mWa-group. 
In fact, although Hansen (in litt.) has always regarded Scutigerella as more 
difficult to deal with than Scolopendvella^ this material has enabled me to 
tabulate tlie genera of the Scutigerellinoe in unmistakable characters. 

In SndiijereUa^ s. str., the postero-median cavity of the last dorsal scutum 
is peculiar and is endorsed by the absence of the long outstanding antero- 
lateral or lateral scutular setae. In this genus we find two si)ecios each 
possessing a distinctive character which does not reappear in succeeding 
groups, — armata^ Hansen, having each fore-femur armed with a distinct 
tooth, and hisrutata^ Bagn., possessing a pair of platc-like prolongations 
hinged to the 13th dorsal scutum. 

The second genus, Neosndigerella, is erected for the English species 
S. Hanseui, Bagn., and in the character of its scutular selai stands alone. 
The absence of the postero-median cavity of the last abdominal seUe precludes 
its reception in the genus Snitigerella, but here, too, the ])Ossession of 
longer, outstanding, and presumably sensory seta^ is not showm. A second 
species of this genus (from Ceylon) is in my possession. 

In the third and last genus, Jlanseniella, the long outstanding seta) of the 
scuta appear for the first time, and this feature is continued througliout the 
genus and throughout the genera of the second subfamily, Scolopeiulrellina*. 
In the Srolopemlr^Houles (which may ultimately be split off from 

IlansemeUa^ s. str.), as exemplified by two species, we find three common 
characteristics of which two are noteworthy. Firstly the somewhat deep 
postero-median depressions of the last scutum suggests the curious cavity in 
Smtigerellay whilst the shorter exopods of the ijosterior legs lead one naturally 
to the Scolopendrelliiuc. 

Scolopendrella^ s. str., in the well-developed logs of the first pair present a con- 
necting link also, and this pair in the next genus, Svolopendrellopsis, is there 
also but smaller, and in Symphylella is obsolete. Whilst I have accepted 
Silvestri’s genus Symplu/lella, I should here point out that as yet I have not 
succeeded in perceiving any valuable character other than the absence of its 
first pair of legs to warrant its separation from Scolopendrellopsis (but I have 
only examined the one species suhnuda^ Hansen), whilst from iny table it 
will bo seen that these genera cannot possibly be included in the genus 
Scolopendrelluy being separated by the strongest morphological characters. 

I name the genus Ilansemella in honour of one of our foremost zoologists, 
Dr. H. J. Hanson, of Copenhagen, whose friendship and help I am proud ito- 
acknowlodge. 
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Family Scolopbndrellid^:. 

Species usually larger and more robust, with the iirst pair of legs always 
well developed and more than half the length of the following pair ; the 
exopods well developed and conspicuous. 

Posterior margins of all the dorsal scuta but the last slightly rounded or 
emarginate, with angles generally broadly rounded, rarely angular (but 
when angular each lobe is several times broader than long). 

Dorsal surface of the hind pair of legs usually furnished with numerous 
setae. Cerci simple, that is, without striped terminal area or transverse 
lines at apex Subfamily ScuTiGBUBLLiNiE, mihi. 

2. Species smaller and more slender, with the legs of the first pair rarely more 
than one-half the length of those of the following pair {S, notacantha is the 
only exception), and more usually vestigial ; none of the exopods well 
developed. 

Posterior margins of all the dorsal scuta hut the last one produced into a 
pair of triangular plates. 

Dorsal surface of the hind pair of legs furnished with very few setm. Cerci 
usually with a striped terminal area, and often, in addition, with raised 
transverse lines on the moat distal part outside the area. 

Subfamily vScoLOPEXDHBLLiNiE, mihi. 


Subfamily ScuTiGBRELLTNiE, mihi. 

1. Last dorsal scutum with a very deep and somewhat large cavity overlapped 

anteriorly and situated in the middle of the posterior margin. No long 
outstanding setm on lateral moi’gins of scuta Genus Scutigkrklla, Ryder. 

Tiast dorsal scutum without such median cavity 2. 

2. All set^ on scuta, excepting an antero-marginal pair on the first scutum, 

short, blunt, and fusiform Genus Neoscitigebella, nov. 

All setee normal. The second scutum (and certain others) furnished with 
at least one pair of longer, forwardly or laterally directed, latero-marginal 
setie Genus IIanseniella, nov. 

«. The last scutum slightly depressed posteriorly along the middle. The 
exopods of posterior legs well developed. The setae on the inner 
side of the proximal antennal joints directed obliquely forwards and, 
at most, about one and one-half times as long as the setae on the 
outer side Subgenus IIanseniella, s. atr. 

The last scutum with a deep postero-xnedian depression. The exopods 
of posterior legs short, at most much shorter than the depth of 
tarsus. Some setae on the inner side of the proximal antennal joints 
nearly vertical to the longitudinal axis of the antennae and unusually 
long, the longest at least two and one-half times as long as the seta) 
on the outer side Subgenus Scolopendbelloides, nov. 

17 * * ^ 
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Subfamily ScoLOPRNDRELLiNiE, mihi. 

1. Plrst pair of legs well-developed, of normal shape and more than two-thirds 

the length of the following pair. Hind margin of each scutum with a 
distinct longitudinally striate belt between the pair of triangular processes. 

Cerci without the raised transverse lines at the most distal part. Central 
cephalic rod interrupted before the middle and there branching shortly 
to either side Genus Scolopbndrblla, Gervais. 

First pair of legs reduced in size or (more usually) obsolete. Hind margins 
of scuta without striate belts. Cerci with raised transverse lines at the 
most distal part opposite to the terminal area. Central cephalic rod 
interrupted before the middle, hut not branched laterally 2. 

2. First pair of legs present, not more than one-half the length of the following 

pair Genus Soolopbndbbllopsis, nov. 

First pair of legs obsolete, represented by a pair of rudimentary wart-like 
protuberances, without claws even Genus Stmphylblla, Silv. 


Species of tlie Order Symphyla. 

Subfamily Soutigerrllinje, Bagnall. 

Genus SCUTIGERELLA, Ryder. 

Species immaculata (Newp.), armata^ Hansen, spinipesy Bagn.^ and 
hucutata^ Bagnall. 

Genus NEOSCUTIGERELLA, Bagnall. 

Species Hanseni (Bagn.). 

Genus HANSENIELLA, Bagnall. 

Subgenus Hansekiella, s. str. 

Species unguiculata (Hansen) subunguiculata (Tmms) f, caldaria 
(Hansen), orientalis (Hansen), plebeia (Hansen), ruwenzorii 
(Silvestri) }, nivea (Scop.), chUensu (Hansen), capensis (Hansen), 
and angulosa (Hansen). 

Subgenus Scolopendrellcudes, Bagnall. 

Species orassicornis (Hansen), and pauperata (Hansen). 

* Gravely names a subspedes indica^ of which I shall have something to say later. 

t Joum. Linn. Soc. Lond., 'ZooL xxx., 1909. 

t Torino Boll. Mus. ZooL ed. Anat. vol. xxii., 1907. I have not yet seen the description. 
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Subfamily SoOLOPENDRELLiNiE, Bagnall. 

Genus SCOLOPENDHELLA, Gervais. 

Species notacantha, Gervais. 

Genus SCOLOPENDRELLOPSIS, Bagnall. 

Species miorocolpa (Muhr), pyttnima (Silv.), mhnuila (Hansen) 
and silvestni (Hansen). 

Genus SYMPHYLELLA, Silvestri. 

Species iSABELLi-K {Gram)^ duiielmen4s (Bagn.),^VZ\s’c)m* (Bagn.), 
temna (Hansen), vxdgans (Hanson), liorrida (Bagn.), neotroinca 
(Hansen), simpicw (Hansen), deUcaiula (Bagn.), minutissima 
(Bagn.), pvsilla (Hansen), hreripes (Hansen), and anfennata 
(Hansen). 

* Perhaps synonymous with 

[Notk. — I have not seen Graf Attems’ description of his Sciitigerella 
indecim from South-West Australia, and have therefore been unable 
to include it in the above list, — R. S. B., 23rd July, 1913.] 
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Freshwater Rhizopoda from North and South America. 

By G. H. Wailes, F.L.S. 

(Plate 15.) 

[Read ]9th June, 1913.] 

UNITED STATES. 

Dttuino the year 1912 I was able to augment the records of Rhizopoda from 
the Eastern United States, described in a paper read before this Society in 
April 1912 by collections from the following localities : — 

New Jersey. — The Palisades on the Avest bank of the Hudson River from 
opposite Yonkers for about 5 miles southward ; gatherings from pools, moss, 
and sjJiagnum. This district dries up almost comjJetely during the summer, 
but 99 species and varieties were recorded, including Difflugia ort/ormi% 
JK ruhesrena^ Xehela c.amlata^ jS\ tenella^ KugIgpJta crenulata^ J£. alreolaia 
var. cirrata^ and Cn/piodiffliujia ehomrenais^ besides others noticed at greater 
length below. 

Englewood and Ijconla ; gatherings from pools, ditches, etc., and a largo 
swanij) forming part of the Hackensack Meadows : from this district 
41 s})ecies were obtained, including AV/Wu dontistoma \ni\lacuiitrL% Ktiglypha 
alreofafa var. rinata, and l^^endodifflugia fulra, 

Princeton ; squeezings from watcr-])lants and sediment from Carnegie 
Lake, sphagnum from a marsh about one mile north of the lake, and 
gathering^ from a pond near Rahway : 57 species were obtained, including 
Difflvgia ohlonga var. voniKtaj ]>. orlforuiix^ 1), mhesveus^ jD, urceolafa^ JSebela 
sciitellata, Kitglgpha alveolata var. cirrata^ llnd Psendodifflvgia gracilh. 

New York State. — West Point on tbo Hudson ; gatherings from a lake 
and small marsh, from which 28 species were obtained, including Ihdlinnla 
mdica, J£ ugly pita rotunda^ and Pnseudodifflvgia fulva. 

Baldwin, Long Island ; gatherings from a largo pond having sphagnum 
and Jhosera rotundi/olia growing on the margin : 39 species were recorded, 
including Psmdodifflugia Arclieri and P. gracilu^i ; J>ifflvtgia nihe^cens and 
Cyphoderia trochus var. amphoralis were particularly numerous. 

Virginia. — Ocean View near Norfolk ; two gatherings of water-plants 
and some sediment collected by E. Solomonsky : from the.se 44 species were 

♦ Journ. Linn. Soc., Zoul. xxxii. (1912) pp. 121-161, , 
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obtained, including Difflugia oviformisj D. tuhercidata and var. minor^ only 
one species o£ Nehela — N. barhata^ EuglgpJia alreolata var. cirrata, E. armatUy 
E, cremdata, E, rotunda^ and Pseudodifflvgia gracilis » Especially numerous 
was a handsome form of Centropyxis aculeata var. discoides^ about 200 p in 
diameter, having a brown test with usually three spines. 

The above localities and a further examination of previous collections added 
24 species and varieties to the 161 previously recorded, including three new 
species and one new variety. Short notes on these additional records are 
added. 


»ub-C]ass BEIZOPODA. 

Order AM(EBIXA. 

Family Lob os A. 

Amceba pilosa, Cash. 

Linn, Soc. Journ., ZooL xxix. (1904') p. 219, ]>1. 29, fig. 8, 

Cash & llopkinson, lirit. Freshw. Hhiz,, Hay Hoc., i. (1905) p. 02, pi, 4. figs. 1~5. 

Two individuals of this species were obtained in Van Oorilandt Park, N.Y.: 
when inactive they were atiout 50 p in diameter and covfTed with fine cils 
6 p, in length ; the endoplasm was loaded with various kinds of granules, 
including green and yellow bodies ; two rather small contractile vacuoles 
were visible near the peri[)liery, but tlie nucleus could not be distinguished. 
When in movement the ectoplasm flowed in short lobular expansions, the 
surfaces of which became immediately covered wdtli the fine cils. Whilst 
under observation one indivitlual rejected all the granular inclusions, leaving 
a finely granular grey plasma which completely dispersed immediately on 
becoming dry. 

• Amoeba proteuk var. cniANrLOSA, Cash. 

Cash & llopkinson, Brit, Freshw, Rhiz,, liny Soc., i, (1905) p, 48, pi. 1. fig. 3 ; pi. 3. 
fig. 2. 

Amceba proiem pars, Leidy (6), p, 30, pi. 1. fig. 4. 

Occurs on the Palisades, N.J. One individual measured 600 /it in length 
and about 00 p in breadth, when active. 

Amceba villosa, Wallkh. 

Leidy (6), p. 62, pi. 2. figs. 14-16 j pi. 8. figs. 1-16. 

Not uncommon on the Palisades. Albany, N.Y. (De Tarr). 
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Family V A M P y R E Xi U 1 D A. 

VamI’YREI.la lateiutia (7'Veje«.), Leidy. 

Leidy (6), p. 2*'53, pL 4o. fign. 10-16. 

Vampyrclla sjnroyyrte, Cienk. in ArcL. inikr. Anal. i. (1865) p. 218, pis. 12, 13. tigs. 44-65. 

At West Point, N.Y., and in a pool on the Palisades, N.J., opposite Harlem,, 
this species occurs numerously. Individuals kept under ohservation fed 
freely on filaments of Sjnropt/ra (cells 30 fj, diam. and 70-80 fi in length) ; the 
contents were abstracted by the animal apparently dissolving an oval aperture, 
10-12/i, in length, in the cell- wall; through this, pseudopodia were thrust and 
the cell-contents absorbed, then the transverse cell-walls were attacked, and 
a very small hole, about 2 /a in diameter, was made in each by the extremity 
of a pseudopodiuin which was then used to abstract such of the contents as 
were within ils reach, a portion usually being left. After three adjoining cells 
had thus been more or loss coinpleteh" emptied, the I moved along 

the filaiiK-nt for a distance of 3 or 4 cell-lengths and repeated the process. 
AVhilsl iecMling, the animals did not increase noticeably in size but became 
green ; this colour, however, soon disappeared, and the normal brick-red colour 
w'as resumed. 

Fr(*(|uent]y accom{)anying the 1 were a nuinl)er, 4 to 8, of small 

amad)oid sj)orozoa, 6 to 8 /a in diameter; they ap})cared to search the Spiro-- 
gi/ra filament for the large openings made by the \\inq)t/r€lla^ through these 
they entered the empty cells and tlien searched the end walls for the small 
perforations that hail In^eu made, squeezed themselves through, and fed on 
such ])ortioiis of tlui contents of the cells as had been beyond the reach of the 
Vu)fipy7'ella. These sporo/oa had a w'ell-defined nucleus and small vacuole, 
whilst within the cells they disjdayed two or three sharply pointed pseudo- 
podia ; itiey became green and larger after feeding, and frequently some 
were uiiahlo to emerge through the small perforation until the process of 
digestion had reduced them in size. 


Order OONCHULTNA. 

Family Arcbllida. 

Aucella cuuvata, sp. nov. (PI. 15 . figs. 3 & 4,) 

Amelia ducoides pars, Leidy (6), p. 173, pi, 28. figs. 32-36. 

Test of medium size, light brown in colour, circular, the ventral face 
curved so as to form a portion of a cylindrical surface subtending an angle of 
80®-100®, the dorsal face forming a dome of moderate height ; aperture 
' large, circular, invaginated, bordered by numerous small pores ; plasma 
greyish, granular, usually including many food-particles ; the nuclei not 
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large, about four or five in number ; two or more contractile vesicles usually 
present ; pseudopodia not observed. 

Diameter 120-135 ; aperture 48-55 jx ; thickness about one quarter of 

the diameter. 

Distribution. — Norfolk, Virginia ; Jacksonville, Florida [Leidi/) ; Switzer- 
land (Penard). 

In the material from Norfolk the curved tests at once attracted attention, 
and that this is not merely an accidental condition is evidenced by the 
constant curvature and the absence of any similar tests not curved. The 
number of the nuclei also distinguishes it from other Arcellm, a subject 
which is entered upon at greater length in the note on the following species. 

No active and only a few living individuals were observed, and further 
observations as to the number of nuclei and the plasma, etc., are desirable. 
Penard has observed this s})ecies in tw^o localities near Geneva : at Norfolk 
it occurs numerously but is perhaps of very local occurrence. 

Arcella megastoma, Penard^ sp. nov. (PI. 15. figs. 1 & 2.) 

A . jHilypora pars, Penard (8), p. 408. 

A, polypora pars, Wailes ( 16 ), p. 

A, ducoides, Elirenb. pars, Leidy (6), p. 173, pL 28. fjg. 22. 

Test large, circular, compressed, thickness about one quarter to one thinl 
of the diameter \ aperture large, circular, invaginated, .surrounded by 
numerous small pores, from 0*4 to more than 0*5 of tlie diameter of the test 
in width ; plasma greyish in colour, granular, attached to the test by numerous 
-epodes and containing many food-particles ; nuclei small, numerous, from 40 
to 200 ill number; several contractile vesicles usually present ; pseudojiodia 
digitate. 

Diameter 190-365 /x ; aperture 100-190 /x. 

Distrihution, — Van (^)rtlandt Park,N.Y.; Split Rock, l^ake Boonton, N.J.; 
Wyoming Chili; Switzerland {Penard). 

Having received slides containing specimens found near Geneva, kindly 
sent to me, for comparison with American specimens, by Dr. Penard, he 
suggested that I should give a description of this species, which ho had 
named provisionally xi.mepastoma ; it is, how'ever, to be hoped that he wdll sup- 
plement it by the results of observations extending over a considerable perioil. 

All species of Arcellm have normally two nuclei only, except A. pol^poray 
A. megastoma^ and ^1. curvata ; the first two belong to what may be called 
the .1. diseoides group, having tests more or less similar to that species but 
possessing more than two nuclei : A. however, has been recorded by 

several observers with more than tw^o nuclei ( 8 . p. 408 for example Leidy ( 6 ), 
PI. 28. fig. 28, shows a test 180 /ex in diameter with three nuclei, but others may 
have escaped observation, and in other respects it conforms to A . pohjpora ; 
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but until a sufficient number of observations have been recorded to clear up 
this question it would perhaps be advisable to regard A. pohjpora^ Penard^as 
a variety of A . discoides^ Ehrenberg. The following table shows the relation- 
ship of these species with approMmaie limits of size : — 



Diameter. 

Aperture. 

Height. 

No. of nuclei. 

Arcella discoides y Ehrenberg 

80-160 /i 

*3 dia. 

1/5 to J/J din. 

2 normally 

„ polgjma, Penard 

100-200/1 

*3 *-‘4 dia. 

1/4 to 1/3 „ 

8-20 

„ tnegastMuaj Penard, sp. nov. 

390-366/1 

*4-'66 dia. 

1/4 to 1/3 „ 

40-200 

„ curvata, sp. nov 

120-135/1 

•4 din. 

1/4 dia. 

4 or 5 


Information is required regarding the development of the young of the 
above species and the number of nuclei present at various stages of their 
growth. It is possible that the nuclei increase in number by division during 
the develoi)ment of an individual. The structure of the tests and the pores 
around the apertures appear to vary in the -1. discoides group within a wide 
range, the limits of which cannot at present be accurately defined. 

Arcklla vulgaris, Ehrenhevij. (PI. 15 . fig. 5.) 

An unusual form of this species was found which has acute basal angles, as 
shown in fig. 5. 

Diameter 100-1!5G p ; height J to ^ the diameter, 

DhtnlnUion, — Princeton, N.J. ; Norfolk, Va. 

Family Difflugina. 

Difflugia mcoiiNis, Fenard^ in Afetftr Soe. Geneve, xxxi. 1890, no. 2, 
p, 141, 1)1. 4. figs. 12-J4. (PL 15 . figs. 10 & 11.) 

D, hkmpulata, Rhumbler, Zeitschr. f. wiss. ZooL lii. (1891) p. 640, pi, 82. lig, 60. 
elegana pars, l^enard (8), p. 2:i7, tig. 10. 
uctminaia pars, Leidy (6), p. 100, pi. 12. figs. 24-27. 

The majority of the tests obser^^ed were furnished with two horns, but 
three- and rarely four-horned tests also occur ; the two- and three-horned 
forms are symmetrical, but the fourth horn ajipears as if interpolated on the 
latter form (fig. 11), 

Length, without horns, 70-80 /x ; breadth of test 60—65 p\ horns 20-30 p 
in length. 

Distribution . — Good Ground, Long Island; Palisades and Princeton, N.J.; 
Asbury Park, N.J. 
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The tests figured by Leidy (figs. 24-27) have smaller and less divergent 
horns than those seen by me but are of about the same size, his figs. 28 and 
29 are much larger (about 200 /a in length). 

This species is much smaller than either corona or />. urceolata^ has 
fewer horns, and the circular aperture is devoid of any lip. The plasma 
often contains zoochlorella cells. 

DiFFLUGIA LANCEOT.ATA, Penard. 

D. pyrifovmis pars, l-eidy (6), p. 08, pi. 10. %. 17. 

Occurs on the Palisades, N.J., about 140 /a in length. 

DiFFLUGIA OLLIFORMTS, Larjerheim. (PI. 15 . fig. 12.) 

In Forli. Geol. Fdren. Stockholm, xxiii. (HK)1) p. 512, figs. 1-5. 

The test of this Dijfluffia resembles that of 7>. Penard (Revue 

Suisse), but is rarely so largo, is less truncate and much more variable in size.. 
The colour of the tost is brown, with an apertur(' bordered by a collar usually 
smooth but occasionally composed of small grains loosely aggregated. 

Length 80-87 fi ; diametcjr 70-78 yx ; collar 30-42 /a. 

JHstrihution, — Carnegie Lake, Princeton, N.J. 

In the ‘Scottish Naturalist,^ March 1912, p. (53, this species was recorded 
doubtfully by me as TKsnhcequalu, The limits of size in Great Britain are: — 
length 50-84 /a, diameter 45-80 /a, collar 30-00 /a. A small variety about 
30 /A in length also occurs in Yorkshire (Jjagerhcini, figs. 4 & 5). 

Djfflugia imcROLATA var. amphora, LeUljj. 

Leidy (6), pi. 14. figs. 8, 4, 8; pi. 16. fig. 84. 

2>. amjdiora^ Leidy, Proc. Acad. Xat. Sci. Philad. 1874, p. 79. 

This variety is distinct from J>, amphora^ Penard (Faune Rhiz. L<*man, 
1902), wliicli is distinguished by a recess around the base of the neck, and 
the collar having in side view a wavy outline, and by the expression of the 
polygonal aperture. 7>. amphoralis^ Hopkinson, is a much smaller species. 

Length 190-200 /a (Leidy 200-000 fi) ; diameter 125-128 jn ; aperture 58— 
60 */x. Similar to Leidy^s fig. 8, pi. 14. 

Distrihution. — Van Cortlandt Park, N.Y. 

Family Nebelina. 

Nebela SACCIFERA, sp. nov. (PI. 15 . figs. 7, 8, 9.) 

JDiffiugia pqmcalceus pars, Leidy, Proc. Acad. Nat. Sci. Philad. 1874, p, 166. 

Nebefa equicakms pars, Ijeitfy, ibid, 1876, p. 118, fig. 16. 

Nfhela equicalcmn, Wailes (16), p, 137. 

Nebela hippocrepie pars, Leidy (6), p. 156, pi. 24. fig. 13. 

Test of large size, pyriform, compressed, colourless, formed of circular 
discs usually imbricated ; provided with two hollow curved horns, projecting 
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internally, arising at each side of the test above the widest part, and commiini- 
cating at the base with the exterior by a small slit-like orifice ; test in lateral 
view narrowly pyriform ; transverse section elliptical, prolonged at each end 
into a shallow keel ; aperture elliptical ; nucleus large, placed posteriorly, 
containing several nuclcoles ; plasma normal. 

Length 203-240 /a; breadth 120-145^; aperture 38-45 by 20-23 /x ; 
thickness one half to two thirds of the breadth ; length of horns 35-60 /a. 

Ilahiiat, Sphagnum. 

.Distribution, — Lakehurst ; Absecom {Leidy)^ N.J. ; Good Ground, Long 
Island (16). 

Leidy found only two empty tests of this species, and he realised that 
although related to, they were distinct from Xebela etfuienJeeus ; from which 
species it is distinguished bj' the absence of the horseshoe-shaped keel around 
the fundus, by the horns not being solid, and the smaller size of the test with 
a shorter neck. The small openings at the base of the horns are very narrow 
slits usually indistinguishable but readily detected if a test be removed from 
water into oil of cloves, when the oil can be seen entering through them : 
although not uncommon in several gatherings and many living individuals 
were seen, none were active. Ho specimens of equicahjeus were found. It 
may perhaps be more than a coincidence that if the space occupied by the 
horns were vacant the test would then be similar to that of JS'. a7t,sata^ and the 
small discs often attached io the horns of that species (Leid}^ PI. 25. fig. 1) 
may represent the discarded material. 

CocHLioroDiUM ECIIINATUM, Korotnejf. 

In Arcli. Zool. oxp(^r. viii. (1879) p. 480, pi. 25. fipr, 9. 

C. vestitum pars, J^eidy (6), p. 188, j»l. 32. figs, 27, 28, 

A form occurs at Good Ground, Long Island, similar to Leidy’s figs. 27 
& 28, which (^ash & Hopkinson (Ray Soe. 1908) consider to represent this 
species ; this form possesses spines intermediate in length between those of 
this species and C, vestitum. The aperture varied from being about two- 
thirds the diameter of the test to a narrow slit, according to the movements 
of the animal. The pseudopodia, nucleus, etc,, are accurately represented 
by Leidy. 

Diameter 32-35 /w, ; nucleus 6 /a dia. with a well-defined central nucleole ; 
opines about 8-10 in length. 

Distnhntion , — Trout Pond, Good Ground, Long Island. 

Family Euglyphina. 

Euglypha dentioulata, Brown. 

In Scott. Nat. 1912, p. 111, pi. 6. figs. C-ll. 

This recently described species bears a close resemblance to a colourless 
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form of muscornm devoid of the membrane bordering the aperture ; 

the plasma, nucleus, and pseudopodia are also similar ; it is widely distributed 
but not very numerous, and seems always to occur in association with 
A. mtisrorum. 

Length 42*-52 fi ; breadth fi, 

J/istrlhution . — West Point, N.Y. : South America ; Java ; Great Britain* 

Euglytha fiufeka var. pyrifohmis, var. nov. (PL 15. fig. C.) 

£, ciliata pars, Leidy (6), p. 214, pi. 36. fig, 14. 

JC.yUtferaf form Wailes (16), p. 148. 

Test usually smaller than the type, pyTiform with elongated neck, the 
lateral margins furnished with 5-7 long spines arranged in a single row ; 
transverse section elliptical ; aperture circular bordered by 8 denticulated 
scales ; plasma and pseudopodia as in the type. 

Length 48-fiO/i.; breadth 24-30 /a ; aperture fi-lO / li. ; thickness 17- 
23 ft ; spines 18-26 ^ in length. 

J)idrll)Htioii . — Good Ground, Long Island ; Pennsylvania {Leidtj). 

This variety is referred to as form c on p. 148, Joiirn. Linn. Soc., Zool. 
vol. xxxii. (1912), but specimens submitted to Dr. Penard were declared by 
him not to be U. JUifera, Penard. 

The tests of this variety arc usually somewhat more compressed than in the 
type, the thickness varying from two-thirds to tlireo-quarhu-s of tlie breadth. 
It is not of common occurrence, 

EuGiiYPiiA STiiiGOSA var. MCSOOKUM, Wailes (17), p. 42, 

Forma heterospina, f. nov. 

This form was recorded with the test thickly covered with spines of various 
lengths. 

Length 65-70/1.; breadth 55-58 /t; aperture l()-17/t; spines C-26 /t in 
length. 

Distrilmtion, — Palisades, N. J . 

Assvlina SEMiNiTLUM var, SCANBINAVICA, Penard (8), p. 519. 

A, scamlinavica, Penard in Mem. Soc. Cieiieve, xxxi. (1890) no. 2, p. 176, pi. 9. figs. 1-1:1. 

Only one or two individuals were seen and these vtsry small ; it is usually 
found in elevated situations. 

Length 11 fi, breadth 73 /t; aj)orture 24 ja ; nucleus 22/6 in diameter, 
containing nucleolcs 6x4/6 ; scales 10/6 in length. 

Distrihutioiu — Palisades, N.»I . 

Trinema enchelys var. galeata, Penard In Minu SocMemve^ xxxi. (1890) 
no. 2, p. 186. 

This variety, approaching X. complanaiiim in appearance, is widely dis- 
tributed and was occasionally seen in an active state, 

Pistribntion . — Van Oortlandt Park, West Point, Long Island, JST.Y. ; 
Palisades, N.J.] 
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Family Gromiina. 

Pamphaous mutabilis, Bailey. 

lu Amei'. Journ. Sci. & Arts, voL xv. (1853) p. 341. 

Leidy (6), p. 191, pi. .33. figs. 1-9. 

In a pool on tlio Palisades this specie.s occurs numerously ; many were 
seen in an active .state. 

Lon/{tIi 40—60 fi ; breadth about half the length. 

Diitrilnilioii . — Now Jersey! ( 6 ); West Point, N.Y. {Bailey); Pennsyl- 
vania (6): Wyoming (6); Iowa {Edmondson). 

PsErnODlFFLUUIA FASTCTLARIS, Fetiurd (8), p. 1,5:). 

IJnusujilly scarce, bein^* found in only one gathering, whore it occurred in 
associafion witli 7^. arnrllis. 

The majority of individuals had sinootlicr tests than is usual and one empty 
lest was jierfectly sniootli with a sharply defined narrow collar around the 
aiicrturc. 

Length fi ; diameter 18-20/i^; aperture 10 yu. 

Disirthtdioit, — Palisades, . J. 

DrAVHorairoDON mouilk, Archer. 

[ii Quart. Joiirii. Micros. Sci. n. s. ix. (1869) p. [J91, pi. 20. fig. 0, 

In one gathering of sphagnum this species was numerous, hut in no instance 
were the pseiidoiiodia fully displayed. The test is thick but smooth and 
pliable ; its shape is very variabhj, ovoid, jiyriform, or even sometimes con- 
.slricted in Iho middle, but it is not usually compres.^ed ; the fine cils wuth 
which it is thickly covered are colourless, and under a low power appear like 
a hyaline investment ; they are from 8-10^ in length and become invisible 
in (knada balsam, oil of cloves, and glycerine; they are insoluble in cold 
sulphuric aei<l. 

Length 70-1 III ya; breadlh 50-05 ya; aperture variable; nucleus about 
20 ya in diameter. 

IHstrihation , — In sphagnum from Trout Pond, Good Ground, Long Island* 

Family A m r h i s t o M i n a, 

UirLoenuYS Archeui, Barker. 

In Quart. Journ. Micros. Sci. n. s. viii, (1808) p. 123. 

On some water-plants a young colony of embryos of this species was seen in 
an amooboid state ; the individuals wore 4 yit in diameter, and the colony, about 
50 (A in length, displayed numerous pseudopodia about 30-40/4 ia length. 
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Leidy, 1879, PI. 45. figs. 7, 9, shows such a colon}’’ which he doubtfully 
Rscribos to this species, but in realit}r it belongs to the Heliozoon Elmorlianu 
cincta, Greeff, whose embryos contain reddish globules, whereas the globules 
in T>. Archeri are usually ytdlow but sometimes of a pale blue colour 
\(r. Penard, * Les H^liozoaires,’ 1904, p. 228). 

Distribution, — Palisades, N.J. 


Sub-Class HELIOZOA. 

Family A c T 1 N o iMi R Y i d 

Actinosphaerium Eichhornii, Ehrenb. 

Leidy ( 6 ), p. 269, pi. 46. tigs. 1-11. 

This species occurs numerously in several localities ; many small ones 
((Leidy, figs. 3 & 5) were seen, the result of the division of mature individuals. 
Distribution. — Palisades ; Englewood ; West Point, N.J. 

SOUTH AMERKJA. 

During the years 1911 and 1912 moss and squeezings wore received that 
liad been collected by James Murray in South America, for examination 
for Ehizopoda ; the gatherings from Bolivia and Peru are described in his 
Notes on the Natural History of Bolivia ’ (1913) ; the others are here 
‘described. 

List of gatherings : — 

(1) Antofagasta, Chili ; one gathering from a pond : 6 species. 

(2) Valparaiso, Chili ; one gathering from a pond ; 7 species. 

(3) Puntas Arenas, Straits of Magellan, Chili ; gatherings from 

sphagnum, ponds, and stream : 29 species. 

(4) Rio Janeiro, Brazil ; gatherings from moss (shore and inland), 

ponds, and sphagnum collected on the slopes and near the 
summits of Mt. Papagaio (4000-5000 ft.) and Mt. Corcovada 
(2200 ft.) : 55 species. 

(5) Buenos Ayres, Argentina ; moss from trees : 3 species. 

((?) Panama, Central America ; a sample of dry sandy moss : 
8 species. 

Little is known of the distribution of the Rhizopoda in South Amerit a. 
Ehrenberg (1841) records Arcella pileus and two other species, and in 1871 
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(Al)h. Kgl. Akad. Wiss. Berlin) ho records from Venezuela six species of 
which Tnnema enchf^l^s (Arrella mudicola^ pi. 2. f. 31) is the only one that 
can bo identified with certainty ; of the remaining five Difflugia;, four arc 
species of Nehela and one is a species of EifyJuphi ; from Oiipe Horn he 
records three species, viz. : Eijfijfgia jddala (f. 9), which resembles Nehela 
Afnrraj/i in outline, but the absence of all detail prevents its iilentification, 
J). liermitana (f. 10), which has an outline resembling Nehela Certesl^ and 
/>. antarctiea^ which is some species of Eiujlyplia. Certes (3) records 
28 species and A’^arieties from (kpc Horn including four now species*. 

From Paraguay, Daday ( 4 ) records 34 species including five interesting 
and curious new ones. Dr. Fulirinan has submitted a collection of material, 
made during his recent expedition to the Andes of (Colombia, to Dr. Pcnard 
for examination, but the report is not yet published. 

The collections nuide hyj. Murray provided a total of 74 species and 
varieties, three of wdiich ai*e now first described, and one (Arcella megadoma^ 
PI. 15. figs. 1 & 2) is described above, p. 201. Nearly all the species 
recorded an? of common occurrence in other j)arts of the world, but the 
following may ho noted as either rare or seldom recorded previously : — 


. I u'erutzewia vyclostoma. 
JiifUiniila iii(hv(L 
Corycii acid eat a, 

„ jiava var. rovomta. 


Nehela vamlaia* 

„ ( flf/ulosphema) eockayuL 

„ aeniellata. 

„ tropica. 

„ vas. 


Of these, Nehela rocLif/ni has beem recorded previously only from Oceania, 
^iiid N, ras from localities bordering the Pacific Ocean ( 3 , 11 ); several 
species reconled by Uertes and Daday wore not found. 

The Ncbche now first described are interesting owing to their affinities and 
peculiarities ; N. sjneata o(*curs at Sandia, Peru, hut was not found in time 
to be described in J. Murray^s report. 

Judging from the materials examined, many places on the coasts of South 
America, also large tracts of forest, are very deficient as regards the 
llhizopod fauna, owing no doubt to unfavourable coiiditious as to humidity 
und .sunlight; in localities where conditions are more favourable the number 
of species .4ill appears to bo restricted, but individuals are often numerous. 
Investigations carried on in skit are sure to result in adding many .species to 
those recordt^d. 

Notes on some of the less common species that were found are appended. 

Tnmfm constricta, Certes, is Coryihion dubium, Tai4nek, and Trinema sauvineti, 
>€erted, is a Rotifer test. 

LINN. JOUllN. — ZOOLOGY, VOL. XXXII. 
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Claes SAllCODINA. 
Sub-Class BHIZOPODA. 

Order AMCEBINA. 
Family Lobosa. 

Amoeba torricola, Greeff 


Chili. 


C” 


Order CONCIIULINA. 

Family Ahckllida. 

Arcella arenaria, Greeff 

„ discoides, Ehrenh 

„ niegastoma, Pmard 

„ vulgaris, Ehrenh 

„ „ mr, gibbosa (Pen,), Went 

Pseudocblaniys patella, Clap, et Lack 

Oorycia aculeata (Greeff), Awer 

„ flava (Greeff^, Pen 

,j var. coronata (Pen,) 

Buliinula indica, Pen 

Centropyxis aculeata (Ehrenh . ), Stein 

„ „ var, discoides, Ehrenh 

„ ,, var. ecoruis (Ehrenh,), Leidy 

„ „ var, (Barnard), Wailen {^)\ 

„ arcelloides, Pen 

riagiopyxis callida, Pen 

„ labiuta, Pen 


Family Diffluqina. 

Difflugia constricta, Ehrenh. (Leidy) 

S en, Pen 

a, Pen 

oblonga, Ehrenh 

„ „ var, venusta (Pen,), Cash 

„ tuberculata var, minor, Pm 

Pontigulasia compressa (CVi/Tf^r), Cash ,,,,,, 

Phrygenella hemispherica, Ven 

„ nidulua, Pen 

Trigouopyxis arcula (Leidy), Pen, 

Lesquereiisia spiralis, Biitscldi ! 


Buenos Ayres, Argentina. 
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1 

2 

3 

Family Nebelina. j 

TTyal*^ftpliftiiia papilioj haidy 



X 

X 

X 

X 

X 

X 

X 

X 

X 

•• 

Hiin-fliivA. (Jtmh 


naiirlflfn.. ' ! 

„ cockayni (Peri,) 


nnllfirifi^ JLp.idy 

1 . 

dentistoma, P&n 


y, „ vai\ besperia) art/*. woi\ 


,, gracilis, Pen 


. . 

„ lageniformis, Pen 


,, militaris, P&n 


„ Murrayi, sp* nov 


,, parviila, Cof^h 


scutellata, Wailea 


„ spicata, sp. iiov. fPeru) 


„ tropica, IVailes 

„ tiiicta {^Ijddy)^ A.tcer. 


,, vas, Certes 


„ vitraia, Vcn 1 

(^iiadrula symmetrica, F. E. Schulze 

Iloleo])era sordida. Pen .1 

„ Hvlvatioa, Pc// 

• • 

'* 

Awerinzewia c^Tbjstoma (JV//. ), Schout * 


■ ' 1 

. ' X 

Ooclilioiiodium bilimbosum (Auerb.). Leidif 

.. 

Family EuGLyrniNA. I 




alvcolata, Duj 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ciliata, VJirenh ^ ...... 

,, cristata, Eeidy , ^ ^ . . . . , 1 


„ compressa, Varter 


X 

„ denticnlata, Protni 

X 

,, (ilii'era, Pen ^...^ 

* Ifpvis, Perfy i 


,, strigosa {Ehrenh.), Leidy , 


f . alabra 


f» 

f. hfitprosiiiiiH. . 


«//iv iiiiifti>nviini. WnihtR 1 . . 


X 

X 

X 

X 

X 

X 

X 

X 

,\.s.«iulina muscoriira, Grevff 


th’plioderia ampulla {Ehrenb.\ Leidy 


Trincma euchely« {^Ehrf*nh.'^^ Leidy , , , 


„ ,, vrt7*. galeata, Pen 


,, complanatum, Pen 


„ liiieare, Pen 


(kirythion dubium, Tardnek 


' Sphenoderia fissirostris, Peft} 


Family Quomitna. 

Pampliagufl mutabilis, Bailey 


l^soudodiillugia fascicularis, Pm 


„ "" gracilis, Schlumb 


1 

1 
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Order AMCEBINA. 

Amcrba terricola, Greejff] in f \ mlh\ Anat. i. (1866) p. 300, pi. 17. 

1 - 11 . 

A, verrucosa^ Ehrenb. Inf us. 18^38, p. 120, pi. 8. fig. 11. 

A, papyracea, Penard (10), 13d. 6, 1005, p. 201. 

Owing to the pos^sossion of ii comparatively firm pellicle this species is able 
to withstand d(Jsiccation for quite lengthy periods, and often to be identified 
in preserved gatherings. A study of this s])ecies and its allie.s by Penard 
has recently appeared (Arcliiv f. Protist. 1912). 


Order CX)NCHULINA. 

Bullinula indica, Penard (11), p. 225, pi. 22. fig. 1. 

IhdintUa indica ^ Penard (12), p. 274, pi. 14. fi^s. 1-4. 

<)<icurs in sphagnum on Mt. Pa{>agaio, llio Janeiro. 

liongth about 200 /Lt ; breadth about 180 fi. 

Distnbiftioiu — Peru ( 7 ) ; United States ( 16 ) ; Canada ( 11 ) ; Europe 
( 17 , 9, 1912) ; Australasiji ( 11 ) ; India ( 12 ) ; Seychelles ( 16 ). 

CoRYCiA ACULEATA {Greeff)y Awerinzew ( 1 ), p. 142 . 

Vsexidochlatnys acuhata, Greeff (5), p. 104. 

Corycia coronata, Penard (8), p. 178. 

This rare species occurs in moss on the sliore near Rio Janeiro ; the spines, 
usually numerous (8-12), are well developed but never long. The tests 
were of medium size. 

Diameter 90-100 //. 

CoRYOlA FLAVA (Greef)^ Penard ( 8 ), p. 173. 

AmphizomUa flam^ Groeff, in Arch. f. miltr. Aaat. ii. (1866) p. 329, pi. 38. fig, 39. 

In addition to tests of typical size, 80-100 /x in diameter, several large tests 
were seen, similar to those which occur in Bolivia (7) measuring from 
120-165 /Lt in diameter ; some of these were circular, others folded up ; they 
may perhaps be ParmuUna hmcei^ Penard ( 13 ), hut the facets present on the 
te.sts of that species were never distinguishable ; it is to be hoped that 
specimens will he found in the materials collected by the Puhrman expedition 
that will enable Penned to complete his description of that species and render 
its identification moi;e certain. 

C. FLAVA var. COBONATA {Penard), 

Corj/oia cormata var. simplex ^ Penard ( 8 ), p. 179. 

Corycia penardif Awerinzew (1), p. 143; Schouteden (15), p^332. 

A few tests that belonged to this variety were found in moss ; the 
projecting ring around the crown of the test is often only rudimentary and 
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the animal is scarcely distinguishable from C. flava ; for this reason 
Dr. Penard is now of opinion (private letter) that it slioultl be regarded us a 
variety of that species. 

Diameter 93-100 /a. , 

IHstrihidion , — Rio Janeiro, Brazil. 

JS^ERKLA OAUDATA, Leuhj (6), p. KJO, pi. 20. figs. 21-24. (PI. 15. fig. 17.) 

Althoiigli never numerous lliis species is widely distributed througliout 
the world. In order that a com])arison can be made with A", sjiirata, s]). nox ., 
a drawing is given of an individual from near the summit of (.-orcoxada Mr. 

Length, xxitliout spines, 80-90 /jl ; breadth 05-75 jul ; ajXTture 20-25 : 

spines 3 or 4 in number. 

J>hiribiftion. — Brazil, Bolivia, and Peru (7) ; Gough Island (13) ; United 
States (6, 16) ; Canada (11). 

JJehkla cocKAVNr {FenarJ). 

Ilyntofiphonia vovkaym^ Veiiard (11), p. 2R8, pi. 22. iig. 5. 

The individuals found by Penard in Oceania pos^cs.^ed transparent tests 
with very faint indications of the ]>lates or scales ; those at Piintas Arenas 
are distinctly marked, having typical AV/Wf/“likc tests composed of small 
oval [)lat(> closely ciMiienied together ; they are (‘onsitlorably larger tlian any 
j>reviously recorded, also l<‘ss compr<‘ssed, the thickness being ahout O’il of 
the hr(‘adth ; tlie aperture in one ease was 28 X 10 /a, in another 25 X 14 /it, 
being narroxvly elliptical. Ther<* are, as shown by Penard, two small pores 
ill tlie sides of the neck and no other openings in the liody of the test. Only 
empty te>ls were found. 

Length 120-12(1 /jl ; breadth 74-75 fi ; aperture 25-28 /jl ; thickness 12 /jl. 

J iiah'Ufntion . — Puntas Arenas ; Australasia (11) ; Auckland IslamL (J. 89- 
100 /i) ; Sydney (I. 100 /i ) ; Mt. Cook, New Z(*alard (1. 115 /a). 

Nkbela denttstoma var. ukspkuia, var. nov. (PI. 15. tig. 13.) 

Ill addition to a few iiulividuals of the typical N. (hnthioma^ Penard, a 
form with a much larger test was found numerously in some gatherings, 
which is here recorded, at least for tne jiresent, as a variety of that species ; 
a future examination of living individuals may ])erhaps result in it being 
regarded as an autonomous species. The following is a description of tin? 
tests, no information as to the plasma, etc., being available. 

Test largo, pyriform, compressed, composed of oval, round, or sijuare plates 
in varying proportions with an occasional admixture of diatom friistules and 
Kugly})ha scales ; transverse section elliptical ; aperture elliptical, its border 
not thickened, slightly undulate and usuallj*' formed of o\al scales; in narrowr 
side-view, the fundus rounded, and the sides tapering in convex lines to the 
aperture. 
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Length .155-190 /i; breadth 100-142 /a; aperture 32-50 u; thickness 
0*5 to 0*6 of the breadth. 

The proportions of the test vary considerablj’^, the breadth ranging from 
0*6 to 0'8 of the length, the narrow tests having an ovoid outline. The 
average of 13 tests gave: length 175 /i, breadth 128 /a, aperture 38 /a; 
two tests each 170 /a in length measured 100 /a and 140 /ia in breadth 
respectively. 

This variety is distinguished from JV. dentistoma var. lacvsiris^ Wailes (16), 
by the absence of any definite neck and by the structure of the test, which 
consists of small plates with regular outlines. 

Distrihviioiu — Puntas Arenas; Mt. Corcovada, Rio Janeiro (sphagnum). 

Nbbela Murrayi, sp. nov. (PI. 15. figs. 18, 19.) 

Test of medium size, broadly pyriform, compressed, nearly colourless, 
usually formed of oval or circular plates ; in broad view nearly circular, 
with a short, wide, parallel neck ; furnished with two orifices on each side 
situated in def)ressions at the base of the neck, each pair of orifices contracled 
by an internal tube ; the neck bearing a variable number of small circular 
granules ; the tost in narrow side-view having a slightly protuberant apex, 
widening to the centre of the body thence tapering gradually to the neck ; 
transverse section elliptical ; aperture elliptical with thickened lip ; plasma 
grey, granular, containing numerous food-particles ; nuchuis moderately 
large with several nucleoles ; pscudopodia not observed. 

Length 120-136 ; breadth 95-100 /a ; aperture 30-35 ; thickness 

about half the breadth. 

Distrilnition, — Puntas Arenas : Mt. Papagaio, Rio Janeiro. 

This species belongs to a group of Kebela'. in which the curious lateral pores 
are characteristic ; the other members are JS\ hhjihhomj Penard, A" martially 
Certes, Certesi (< !ertes), Penard, but none of these were found in the 
gatherings under examination. So far as is known at present N. higihhosa is 
peculiar to the Northern Hemisphere, and N. Certesi to the Southern ; the 
latter and N, marflaii are also distinguished by the presence of the small 
nodules on the neck. A", Certesi has in addition tubular channels running 
up the neck from the aperture, and the lateral internal tubes are sometimes 
only rudimentary. 

Nebela spicata, sp. nov. (PL 16. figs. 14, 15, 16.) 

Test of medium size, of a grey colour, ovoid, moderately compressed, 
formed of various-sized oval or irregularly shaped scales ; the crown circular, 
furnished with a single row of 6-8 hollow spines ; test in narrow side-view 
pyriform ; transverse sectioii elliptical, ratio of axes about 5:3; aperture 
broadly elliptical with undulate margin bordered by a row of oval scales ; 
plasma normal ; pseudopodia not observed. 
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Length (without horns) 120-140 /i ; breadth 100-125 u ; aperture 
,'{2-40 fi ; thickness 0*5 to 0’(5 of the breadth ; length of horns 20-30 ii. 

JiaUtat. Sphagnum. 

DistriltiUion. — Sandia, Peru. 

In the small quantity of material available some ton individuals were 
found, but owing to the fragile nature of the horns many of these were 
imperfect. The test is opaque, strongly constructed, and of a robust form, 
the outlines follow regular curves, being free from excrescences ; the 
crenulations around the aperture are often pronounced, resembling those of 
Xehela denthtoma, a species to which it bears a close likeness when deprived 
of the spines. It is distinguished from Nebela camlata (6g. 17), a species 
found in association with it, by its much larger size and robust form, its 
more regular outlines and greater number of spines. Encysted individuals 
contained plasma of normal appearance. 

Nebela scutellata, H (1C), p. 139, pi. 12. figs. 11, 12. 

Not nneommon and cpiite typical. 

IHsfnbiitioii . — Puntas Arenas (sphagnum) ; Mt. (.lorcovada (sphagnum) 
and Hio Janeiro (shore moss) ; United States (16) ; Seychelles (16). 

Nebela tboi’ioa, Wailes (16), p. 140, jd. 12. figs. 13, 14. 

Found in association with tlu' [)receding. 

JHstrilmlion , — Puntas Arenas ; lUo Janeiro ; Peru (7) ; Borneo (16) ; 
Seychelles (16). 

Nebela vas, (Vrfes (3), p. 15, pi. 1. figs. 1 & 5. 

Not uncommon in some of the gatherings of sphagnum, and of moderate 
size. A certain amount of variation was observable in the neck, the base 
varying considerably not only in width but in the de,})th of the depression or 
groove at the point where the neck is attached to the body of the test ; some 
individuals in broad view closely approached HI. laijetdformU in ai»pcarancc, 
but in side view tlio difference was pronounced. 

Length 1.30-155 /a; breadth 8.5-103 n', aperture 2(5-32 /t. 

JHxtrihution . — Puntas Arenas ; Rio Janeiro ; Cape Horn (length 140- 
170 fi, Certes) ; Antarctic, Australasia, Fiji, Hawaii, and British Columbia 
(Penard). 

Penard found the usual size to be 1(50-165 (i in length, but in New 
ealand a small form occurs 95 fi in length (11). 
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EXPLANATION OF PLATE 15. 


Figs. 


1,2. Arcella meoahtoma, sp. nov,, Peaard. Dorsal and side \k‘W8, x loO. 
New Jersey. 

0,4. Aucella cniVATA, sp. nov. Dorsal and sidi‘ vie^s, X 000. Norfolk, 
Virginia. 

5. Arcixla vuLGAUiB, forma. Side view , x 900, Norfolk, Virginia. 

6. EuoLYPifA FJMFEiiA var. pyiUFORMis, viir. HOT. Side ^iew of" acli\o 

individual, x oOO. Long Island, TT.S,A. 

7 Nerkla HAC(’iFKjiA, Sp. nov. Broad, narrow, and oral views of te.st, X 200. 
Long Bland, U.S.A, 

10, 11. Difft.ugja mcoiiNis, IVnard. TJiree-bonied form j side and dorsal views, 
X 800. New Jersey. 

12. Difflvgja OLT.iFouMis, Lageibeim. Side view of active individual, X 800. 

New Jersey. 

13, Nebkla dkntxstoma var. uebpeuia, var. nov. Broad view of test, X 3(H.). 

Rio Janeiro, Brazil. 

14-16. Nkbela spicata, sp. nov. Broad, narrow, and oral views, x 300. Sandia, 
l*eru. 

17. Nebela cavdata, Tjeidy. Broad view, X 300. Sandia, Pern, 

18, 19. Nebula Mt:j*rayi, sp. nov. Broad and narrow views, X 300. Puntaa 
Arenas, Chili. 
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Oil Apliareocaris^ noiiu nov. {Ajihareus, Paulson), a Genus of the Orustacoan 
Family Scrgestidiu. By W. T. (Kalman, D.Sc., F,L.S.* 

(Plath 16.) 

[Read lOth June, 1913.] 

The genus Ajtharens was ostahlishcd by Paulson in 1875, for a species which 
he described from a single specimen taken in tlie Ited Sea. lie placed it in 
the family Penjoidjc, but did not further discuss its affinities, fuiihor 
specimens a])pcar to have })een ri^corded, Rod, so far as 1 am aware, the 
genus has only been mentioned twice by later writers. Mr. Stebbing, in 
1893, gave a definition of the genus, derived from Paulson^s tu^count, but 
transferred it to the tril)e Stenopidea; Xobili, in lyOli, gave a translation f 
of Paulson\‘4 de.scri})iion, rej>rodneed some of his figures, and suggested that 
the proper ])lace of the genus was in the family StM*gestida‘. 

Among 11 small (iolleciion of Oaistacea from Thursday Island, Torres 
Straits, recently j)resentt'd to the British Museum by Dr. J, B. Tosh, is 
a specimen of wliafc I regard as a second species of the genus. It is a male, 
adult or n(*arly so, jind was (juite perfect : in view of the divergent opinions 
expressed as to the affinities of th<j genus, ii seems worth while to give 
a somewhat didailed account of it. 

Unfortunately, the nam(‘ ^ ]< preoeeupied for a genus of fishes, 

and it is tlu'refon' nect'ssary to propose a new name for the Crustacean 
gtunis. 

(Jenus Apiiaueogakts, noin. nov. 

AphafeuA, l^aulson, Jzslyedovaniya Bakoohraznnikh Krasnaglio Morva. 
Chast I. Kiev, 1875, p. 117 ; >Stebl)ing, History of Crustacea (Intcrnat. 
Sci. Ser.), 1893, j). 212 ; Nobili, Ami. I8ei. Xaf. ser. 9, Zool. iv. 190fi, 
p. 21 ; nec Aphureu^^ Cuvier et Valenciennes, Hist. Nat. Poissons, \ i, 
1830, i>. 485. 

Genotype , — Apitureiis viermh^ Paulson, op. cit. p. 117, pi. xviii. figs. 3-3?/. 

Aphareocaris elegans, sp. nov. 

1 description of male . — Total length 2(> mm. (PI. 16. figs. 1-1 1!.) 

Body slender and compressed. Carapace just over one-fonrth of totiil 
length, with a very short acute rostram continued backwards as a short 
dorsal crest cut into two teeth ; with a supra-orhital and a hepatic sjiine, the 

* Published by permission of the Trustees of the British Museum, 
t I am much indebted to Dr. K. Andersen for a fresh translation of the pass/i^es in 
Paulson s Russian memoir. The additions to Nobili version are, however, unimportant,, 
and no lijrht is thrown on the obscurities to which he calls attention. 
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latter placed at about oiie-fourtli o£ the length of the carapace from the front 
margin ; tlie antcro-lateral margin sloping backwards from the base of the 
antennules to a very minute pterygostoinial tooth ; inter-regional grooves on 
surface of carapace very indistinct. 

Anterior abdominal somites rounded dorsally, fifth and sixth obscurely 
carinate ; pleural plates of first somite bilobed ; sixth somite twice as long as 
fifth, measured along dorsal edge. Telson (PI. 16 . fig. 3) four-fifths of length 
of sixth somite, acutely pointed, with a longitudinal median dorsal groove, 
and with five pairs of small marginal spinules. 

Ocnlar peduncle (fig. 2) about one-third of length of carapace, not reaching 
end of first segment of antenniilar peduncle, widening distally ; corneal area 
occupying less than one-fourth of length of second segment, little wider than 
adjacent part of peduncle, dark brown with lighter periphery. 

Antemndav 'peduncle (fig. 2) about four-fifths of length of carapace, the first 
segment, measured along outer edge, about three limes as long as second 
and four times as long as third; tooth of outer margin (stylocerite) rather 
behind the iniddh^ of its length, and a second tooth, or vertically compressed 
lobe, rising from the u])])er surface jnst in front of the statocyst and behind 
the stylocerite; second and third segments successively narrower. Inner 
flagelluiu shorter than peduncle ; outer flagellum about 3^ times as long as 
peduncle, thickened at base, where it carries a brush of sensory filaments ; 
no trace of clasping organ. 

Flagellum of antenna (lig. 1) more than twice as Jong as the body, with an 
abrupt double bend at about tliree-seventlis of its length from the ba^e ; 
marginal setjc longer and more conspicuous distal to this bend. Antennal 
scale about tw^o-thirds as long as carapace and three times as long as wide ; 
outer margin nearly straigld, its terminal tooth cojisiderably siirpass(‘il by 
the rounded distal margin. 

Mandibular palp (tig. 4) composed of three segments *, the first very small, 
thi^ second largo and flattened, trapezoidal in outline, about three times us 
long, and, at its greatest width, three times as broad as the third segment. 

Ma.rlllula (fig. o) resembling that of Seryestes, 

Maydla (fig. (5) remarkable for the reduction of the endites ; only two are 
pr(‘seiit and these arc very small, with one or two minute apical sefie on each. 

Jt is sometimes given as a general character of the tribe Pensoidea that the mandibular 
palp is composed of only two segments (Spence Bate, Kep. * Challenger ’ Macrura, ])p. xxxlv 
& 220, 1888 ; Bouvier, Kes. Camp. Sci. Monaco, xxxiii. Crust. Decap. (P<1n6id^s) p. 9, 
1908). Kr0yer, however, attributes three segments to the palp of Seryestes (Kgl. Dauske 
Vid. Selsk. 8kr, (i5) iv. p. 22o, 185(5), while Boas describes it as three-segmenled in Sicyoma 
and SeryeHes, and as having the first segment obscurely or not at all defined from the second 
in Pewflw/s (Kgl. Dauske Vid. Selsk. Skr. (6) i. pp. 31, 34, 36, 1880). I find the small 
proximal segment quite distinct in Seryestes rohxistus^ Acetes Mteus, Beitthesicymus in- 
vestiyatorisy and Sieyoma earinaUt, as in the species here described ; on the other hand, only 
two segments can be delected in the palp of several large species of Penesus. 
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First maxilliped (PI. 16 . fig. 7) resembling that o£ Sergestes^ especially in 
the largo size of the distal endite, which, however, does not extend so far as 
the tip of the exopod ; the endopod is composed of four distinct segments. 

Second maxilliped (fig. 8) distinctly of the Sergestid type, in the absence of 
exopod and the lengthening of the distal segments. 

Third maxilliped (fig. 9) also of Sergestid type in its great size — it is 
longer by about two-thirds than the carapace, and extends well be 3 'ond the 
antonnular peduncle — the absence of exopod, and the subdivision of the 
two distal segments, the terminal into four and the penultimato into three 
.segments ; it is strongly spinose. 

First three pairs of legs (figs. 10-12) increasing suceessivel>" in lengtli and 
slenderness, all with well-developed cheljc. On the under side of the propodus 
of the first pair is a gronj) of pectinate spines opposed to a similar group on 
the carpus*; a trace of a*similar arrangement is observable in the second pair. 
Propodus of third pair at least ten times as long as wide and nearly three- 
fourths as long as carpus. 

Last Iwo pairs of legs (figs. 1^5 & 14) <‘ach with the normal number of seven 
segments, the dact>dus being short and slightly curved ; the otlier segments 
are flattened, the ischium and merus fringed with very long std.'v on both 
margins, the carjms and ])roj)odus only on the inner margin. 

The pleojwdsoi' the first pair carry a pettisma (figs. 15 & 1(5), the middle lobe 
of whicli has the terminal area beset with numerous invaginated hooks lik<^ 
those figured by S. I. )Smitli in Sergesles robnstus. The rcmiainiug pleopods 
are biramous ; those of the second pair have a spinose aj)])endi\ inaseulina. 

The vropods have the exo})od longer than the endopod, which, again, 
longer than the telson ; the marginal tooth of the oxopod is about one-sixth 
of the total length from the tip. 

The branchial system is much reduced. Unfortunately, the method of 
presei-vation (formalin followed by spirit) has left the branchiae very trans- 
parent and difficult to see. It is jiossible, H^ereforo, that one or two of the 
vestigial branchise may have been overlooked, but, with this reservation, 
the formula may bo given as follows : — 



1 mxp. I . 

iiixp. 2. 

mxp. «]. 

Fj. 1. 

per. 2. per. o. per. 4. 

per. 5.1 

Pleurobranchi® . . . . 

Artbrobranebi® 

Podobranebi® 

ep. 

V 

1+'’P- 

■r 

1 -- i 

i ’ i 

l+r 

j 

J +!• l+>’ - 

; 

1 

1 

i 

1 


* Ooutiere has called attention to a similar apparatus in various Caridea and Penasid® 
<C. R, Acad. Sci. Paris, cxli. p. 220, 1905). It has not been observed in Sergestid®. 
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This is practically the fornixila given by S. I. Smith for Sergestes japonicusy, 
Sp. Bate (S. mollis^ Smith), but the branchiae, and especially those of the 
penultimate somite, are much larger than in that species and, of the vestigial 
branchije, the jKjsterior two at any rate show a certain amount of lobulation. 

Acuities . — The genus Apliareocans resembles Sergest^s in the following, 
among other less important characters : — 

(1) The reduction of tho branchial system, and the insertion on the body- 

wall of those branchiae which correspond to the arthrobranchia' of 

the Penseidae. 

(2) Tho absence of exopodites from all the thoracic limbs exce}>t the first 

inaxilli])ods. 

(3) The form of <he second and third maxillipeds and particularly the 

subdivision of the two distal segments of the latter. 

(4) Tho flattened form and long marginal setai of the last two pairs 

of legs. 

It difl’ers from Sergeiites and the other Sergestidio, and resembles the 
Pona?i(lK?, in the following points : — 

(1) The first three pairs of legs are chelate and none of their segments are 

subdivided. 

(2) The last two pairs of logs possess the full number of seven segments. 

(3) The antennule of the mule is without a prehonsilo apparatus. 

These resemblances to tho Pensoida^ are all of a general character, s(u ving 
to indicate the primitive position (A* Aphareocaris wdth respect to the more 
specialized genera of Sergostidjc, but not in any way counterbalancing 4lie 
important and positive cburacters by which it is linketl to that family. 
It seems, therefore, that Nobili w%'is ju&)tified in his suggestion that the genus 
should be placed among the iSergestida^. Of an affinity with the Stenopidea, 
as suggested by Mr. Stebbing, 1 can find no evidence. 

Spedjic rharacters. — I'aulsoii^s specimen may be presumed to have been 
a female, since he makes no mention of a petasina. It is, therefore, a matter 
of analogy and conjecture wliether the differences from the specimen now 
described are individual, sexual, or specific. There seems a reasonable 
probability, however, that some at least of the following belong to the last 
category. 

Rostral crest with one tooth. Penultimate segment of third 
maxillij>ed divided into four par<s. Chela of third leg not more 
slender than that of second, about six times as long as wide, and 
less than two-thirds as long as carpus • A. mermis (Paulson), Red Sea*. 
Rostral crest with two teeth. Penultimate segment of third 
maxilliped divided into three parts, ('hela of third leg much 
more slender than that of second, at least ten times as long as 
wide, and nearly throe-fourths as long as carpus. 

A. elegansy sp. n*, Torres Straits. 
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EXPLANATION OP PLATE la 


Tig. 1. AphareocariM eUgam^ sp. n. 

2 . 


3. 

4. 
6. 
6. 

7. 

8 . 
9 . 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
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Male (holotype) from aide, x 5. 

Anterior part of body from above, x 10. 
Telfion and uropod. X 10. 
night mandible, x 14. 

MaxilluTa. x 14. 

Maxilla. X 14. 

First maxilliped. x 14. 

Second maxilliped. x 15. 

Third maxilliped. X 15. 

First leg. x 15. 

Second leg. X 15. 

Third leg. X 15. 

Fourth leg. X 15. 

Fifth leg. X 15. 

Peduncle of first pleopod with petasma, x 20. 
Petaima with the lobes drawn apart, x 20. 
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A Free-swimming Nauplioid Stage in Palinuriis. 

By J. D. F. Gilchrist, M.A., D.Sc., Ph.l)., F.L.S. (With 1 Text-figure.) 

[Read ilrd April, 191 JL] 

The larva of Paliwmts^ Scyllarns^ and tlie Loricata generally has hitherto 
been supposed to hatch out from the egg in the form of a “ phyllosoma/’ 
characterised by a flattened transparent body and the presence of swimming- 
organs, in the form of tln^ exopodites of some of tlie thoracic appendiiges. 

A number of observsitions, which I have made on tlie early stages of 
Paliatfras (Jastts) lalandii^ seems to indicate that tliis is not so in the case 
of this South African Oawfish. 

The observations were made on a number of specimens of this crustacean 
kept alive in tanks at the Marine Laboratory at St. James, near Cape Town. 
They are hardy animals, and can bo kojit in good condition for a considerabh^ 
length of time without much trouble. On hatcliing, the larvie are given off 
in largo luiinhers, and are readily seen by the naked eye in the tyfdcal 
pliyllosoina stage. Among those slowly -moving larvjo was observed a 
number of naiipliiis-like forms, with largo biraniose antenme, liy means of 
which they rose to the surface in a series of ra[)id dancing movements. 
These larva) on closer examination proved to lie, not nauplii, hut the earliest 
free stage, differing considerahly from a phyllo.sonia. The duration of this 
stage is very brief (4-C hours), and is readily overlooked, especially if 
hatching takes place during the night. 

In the advanced egg, which measures about 0*7 mm. in breadth and slightly 
more in length, the embryo is seen to have the body so bent on itself that 
the tlioracic appendages are compactly folded up over the ventral aspect of 
the body, passing between the eyes, and exteml to some consideruhlo distance 
over the back of the cephalic region. The uritenmc are well developed, are 
longer than the antennules, and hiramose ; they are folded over the back of 
the embryo, and their long feathery swimming-set a3 overlap each otter in 
this region. 

On hatching, the embryo leaves the egg, and, at the saino time, tlirows off 
the old cuticle, which may sometimes he seen lying alongside of or near the 
ruptured egg. The antennse and antennules immediately expand, while the 
other appendages still retain their folded position. Thus the larva at this 
stage appears to have a rounded or ovoid body, consisting of cephalic anti 
thoracic regions bent over on each other, the short abdomen and long 
.appendages being folded up ventrally. A little later in this stage, the 
appendages become somewhat unfolded, and the angle of flexure between tlic 
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cephalic and thoracic regions hocomes less acute, so as to give the whole body 
a more elongate appearance. This unfolding also occurs in specimens placed 
in preserving-fluid at this stage. 

The superficial resemblance to a nanplius at this stage is striking, especially 
in the large bi ramose swiniming-antennm and apj)arently ovate body, but a 
closer examination of the body and appendages indicates that the larva is 
much more advanced in organization than a iiauplins, this latter stage having 
presumably been i>assod through much earlier in the development of the egg. 
For (;onv(*nience the larva may be called a naupliosoma or described as being 
in a naupliosoma stage. 

T1k5 cpphaUc region is broad (0^72 mm.), and is almost circular in outline, 
the lengtli, from the anterior to the posterior margin of the cephalic shield, 
Ixdng about ecjual to its breadth. This region is not flat and transparent^ as 
in tlie su(*ce(‘ding jdiyllosoma stages, its dej^th (from the centre of the back 
to tlie mouth-appendjiges) being about four-fifths of its breadth, nor is it 
transparent, being as yet filled with a considerable amount of yellow yolk- 
granul(‘s. The antennal glands, ivhich a])pear distinctly in the next stage, 
were seem in some, anil also three large hepatic diverticula on each side. 
Two powcM'tul muscles, which degenerate at a later stage, were observed 
attached to the base of each of the antenna). The cephalic shield is rounded 
dorsally, and extends backwards over the thoracic region to about the anterior 
margin of the base of the second imixillipeds (in some cases only to the first 
maxilliped ), 

The thonwlc region is bent forward and under the cephalic region, there 
being, especially at first, a somewhat abrupt flexure of the body at the 
junction l)otwcen the two. This region is cl laracte vised also by the presence 
of a well-marked segment — that to which the first maxilliped belongs — 
which ap})cn(iage, it is to be noted, is a mere rudiment. The thoracic region 
is narrow, resembling the body of a pycnogonid, and, exceju. the part 
mentioned, shows no distinct traces of segmentation. It is transparent 
except for the presence of a thin yellow streak — the remains of the yolk in 
the intestine. 

Th(‘ abdominal region or tail is sliort, and, like the thoracic region, is flexed 
voiit rally. In its anterior two-thirds four distinct segments can be dis- 
tinguished. It is also narrow, scarcely exceeding the breadth of the first 
joint of the last appendage (the sixth thoracic). It ends in a pair of furcal 
processes, provided with seta3, which are not yet free, but covered over 
by cuticle. 

The ingynenlaiion qI the body is striking; the cephalic region and the 
intestine are of a faint yellow colour from the presence of the yolk, while on 
the body and limbs are bright blood-red patches of pigment, usually of a 
stellate structure in the living animal. These are disposed as follows : 

UNN. JOURN. — ;500L0(}Y, VOL. XXXTl, IP 



J28 t)R. J. i>. atLcamsT a yRfiE-swiMMmo 

at the tips of the autennules (sometimes absent), at the inner side of their 
bases, on the lower lips (well marked), at the bases of the third maxilliped, 
the first, second, and third walking-legs, and at the joints and tips of the 
walking-legs with the exception of their exopodites which are unpiginented. 

The paired eyes are well developed, and are situated near the anterior 
margin of the cephalic shield, to which they are attached by short stout 
stalks. There is a median eye-spot. 

The aniennules project forward between the eyes. They show no traces 
of segmentation, and the spines, which appear in the next stage, are still 
covered by cuticle, though a few short terminal ones and a minute one at 
a little distance from the free extremity can bo made out. Tlie bases of the 
antennules are visible from the ventral side, and are situated slightly posterior 
to the bases of the eye-stalks. Jn length the antennules are about three- 
fourths of the length of the antennsR. 

The antentice are the most conspicuous organs, and are in length about 
four-fifths of the breadth of the cephalic region. Each consists of a rather 
long and stout protopoditc, the main axis of which is continued into a 
shorter, but also stout, exopodito, while the smaller endopodito appears as 
a branch to this main stem, though a little later on (at the third moult) it 
already exceeds the exopodito in length, and, ultimately, alone survives as the 
main portion of the antenna. Near the base of the protopodite is a papilla- 
like projection, apparently a masticatory process. From the ])Osterior border 
of the exopodite arises a series of long cuticular projections, each resting on 
a ledge-like indentation of the exo))odite. Th(*y form broad flat swimming- 
blades, nearly touching each other at their origin, and bent dorsally at their 
tips. They are provided with a single series of fine seta? on each side. 
There are five of them arising from the posterior margin of the exopodite and 
two from its extremity. In length the inner is a little over throe times the 
length of the exopodite, the terminal one being very much smaller. Into 
this last and the one next it project two spines which become free at the next 
stage. The endopodite is also provided with long flat cuticular processes, 
similar to those of the (jxopoditc, but only two in number. The first, or 
inner, is shorter than the second. They arise from a coipmon base, and 
into each projects a spine from the tip of the endopodito. 

The upper lip is well developed and shows active movement in the living 
state. 

The mandibles are short stout organs, with a broad base, and terminate in 
a short thick spine with about three denticnlations. No trace ot' segmenta- 
tion nor a biramose condition was seen. Their inner extremities ate over- 
lapped by tho upper lip. 

The lower lip consists of two well-marked leaf-like lobes, which also 
overlap the tips of the mandibles from below, and oven the margin of the 
upper lip to a slight extent. 
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The first maxilla i*? well developed and shows active movement. It is 
unscgineiited, but biramoso, each o£ the short stout branches being turned 
inwards and terminated by two or three long sharp spines as yet covered by 
cuticle and apparently not functional. 

The second maxillw lie at some distance from the first maxillae and other 
mouth-parts. Tliey are comparatively well developed, but iinsegmented, 
being long blade-like organs projecting forward from their points of attach- 
ment on the body. Their outer margins are straight, while their inner is 
convex, and shows no lobes, though provided with a spine. Their greatest 
breadth is about one-third of their length. At the free extremity of this 
appendage are three long spines, not easily made out as they are still covered 
by cuticle. 

The /Jr.?/ maxilliped appears as a minute knob or projection of the body, 
about oiie-(jnarter of the breadth of the first joint of the succeeding appendage 
in breadth, and not much over this in length. It is terminated by a sharp 
spine about its own length. It is situated about midway between the 
neighbouring appendages and towards the middle line of the body, so that 
its free end scarcely roaches the margin of the body. It is thus a mere 
rudiment. 

The second maxilliped is miicli longer, and extends forward in a curve to 
about the middle of the cephalic region. It consists of five distinct segments 
terminated by spines still in cuticle. It is not provided with an exopodite. 

The tlnrd maxilliped is similar to the second, but is longer. Both are, at 
this stage, foldcnl inwards under the three succeeding walking-legs. Tliere 
is no exopodite. 

The second walking4egs are much stouter, being about twice the 

breadth of the |)receding appendage at their bases. They are much shorter 
than in the next stage, being compressed within the cuticle so that they 
appear twisted or folded on themselves, a condition specially marked in the 
third joint of the endopodite. The exopodite is not folded and is not as 
yet provided with the swimming-setae so characteristic of their condilion 
in the next stage, though these may be seen indistinctly under the cuticle as 
well as the segmentation of this appendage. The two powerful muscles with 
which it is provided for swimming purposes at the next stage are distinctly 
visible. 

The third walking-leg differs from the first and second, and though long and 
folded on itself like them, has only the rudiment of an exopodite. 

The fourth walking-leg is scarcely to be distinguished as a small swelling, 
while the fifth is not present even in rudiment. 

In comparing this larva with that of other known larvae of the Loricata 
we notice some striking differences. The European Palinurus and Sc^llarns 
have been investigated by Dohrn (1), Claus (2), and Richters (3), and their 
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devclopmonfi and transition into the phyllostoma stage described. In both 
cases the form which emerges from the egg is a typical phyllosoma, ihe 
body is clear and transparent, the limbs are fully expanded, the various spines 
and svviminiug-setse are fully developed. In the newly-lmtched larva of 
Palinnms {Jasm) lalamlii^ on the other hand, it is not till the next moult 
that the typical })hyllosoma-form is assumed and in the first free larva the 
cephalic region is still opaque owing to the presence of yolk, the thoracic 
limbs with their s}>ines and swimmiiig-sctne are not fully developed. In 
regard to these points, ihorofore, the naupliosoina larva corresponds to a 
stage j)assed in ihe egg in the case of SctjUarus and th(; northern Palinurm, 

Again, in Palinurus quadncornis and Scyllarus the second antennfo at the 
time of hatcliing are shorter than the first, whereas in the form under 
consideration the first are markedly the shorter, being only about tliree- 
fourtbs of the length of the second anienme. This new form further differs 
from the young J\ tpiadricornis in having well-marked biramose anteiinje, 
in this respect resembling Scyllams. The presence or absence of mark('d 
biramose antennye cannot therefore be taken as a moans of distinguishing the 
larval forms of the Palinuridaj from other similar forms. This biranios(‘ con- 
dition persists in the sncc(!eding phyllosoma stages of the (\»pe PaUmrua, 
and is marked in the oldest undoubted phyllosoma belonging to it which 
1 have) yet found (4*4 mm. in length). 

The hepatic diverticula of the nanpliosoma liave a juiicli greater resem- 
blance to those of the phyllosoma of Scyllarn,^ than to that of P, quatlAcornis, 
there being three pairs in the first two, while, in the last, they are numerous 
from the very beginning. 

An agreement botw(^on the first two is also seen in the ahseneo of a)i 
oxopodite iu the third maxilliped, while it is present in the youngest 
phyllosoma of the last (taken from the egg just before hulcliiug). 

In the newly hatched larva of Scyllarus the 4tli and 5th ambulatory legs 
are scarcely to be seen, while in that of P. quadricornis they occur as minute 
buds. In the naupliosoina there is only a slight trace of the 4th, in the form 
of a minute bud, while no traces at all of the 5th were observed, though they 
both appear in the stage of 4*4 mm. 

Neither in Scyllarus nor in P, quadricornis are the antonnsB at any stage 
provided witli long setose swimming-jirocesses as in the nanpliosoma. It is 
f)resunied tlia^, at oue stage in its phylogeny, Palimirus hud a free naufdius 
stage, whose chief organs of locomotion were the biramose antennse and their 
swimming ciiticular processes. The appearance of such organs at this late 
stage in the Cape Palmurm may be a new acquisition or a belated appearance 
of an old, 

Tho significance of this stage of so short duration in the life-history of the 
Crawfish appears to be that it enables the young to ascend more rapidlv,and 
with more certainty, to ihe surface than in the case with the slowly inoving 



NATJPLIOID STAGE IN PALINURUS. 


231 


phyllosoma, which is more adapted to a horizontal mode of progression. The 
biting and grasfdng sota^ of the mouth-parts and other appendages are not yet 
developed, and the larva does not appear to feed during this stage. The Cape 
Crawfish occurs in great abundance on the West Coast of South Africa in 
marked contrast to the comparative scarcity of the European Palinuvus, Is 
it possible that the occurrence of this short stage, which appears to be of a 
little assistance in the life-history of the animal, may have something to do 
with this relative abundance ? If so, the Cape Crawfish might with profit be 
introduced info the fisheries of Europe, an undertaking which would be 
comparatively easy, owing to the hardy nature of this animal. 
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On a Collection of Non-Marine Mollusca from the Southern Sudan. By 
Jane Longstaff, F.L.S. With Descriptions of Three New Species, by 
H. B. Preston, F.Z.S. ; and Notes on Veronicella niloticay by G. 0. 
Korson, B.A. 

(Plates 17, 18.) 

[Read 4th December, 1013.] 

Since many travellers in the region of the Upper Nile have collected 
mollusca, which have been recorded either by tlunnselves or others, it might 
seem almost superfluous to write further on the subject. Unfortunately, 
however, some authors have not been careful to give exact localities, while 
others have founded new s])ceies on one or two specimens, or even on 
inmiatiire ones. It may, therefore, not be devoid of interest to Iiave an 
account of a collection from the Sudan detailed both with regard to localities 
and numbers. 

This collection was made almost entirely on the White Nile, in the years 
l!K)9 and 1P12. A visit each year to tho mouth of the river near Mograii 
was very fruitful, but still more so were two trips up the river in comfortably 
equipped (iovornment steamers. The first time we went, between the IGth 
and 21st of February, we did not get further than Gebel En on the right 
bank (lat. 12° 37' N.). The second journey took place between February 1st 
and 23rd, and extended to Gondokoro in Uganda on the same bank 
(lat. 4° hi' N.), and also about eight miles beyond to Uejaf on the oppoite 
bank (hit. 4® 45' N.), in the Lado Enclave, now forming part of tlie Anglo- 
Egyptian Sudan. 

The distance traversed in steaming up the White Nile from Kliartuin 
(lat. 15° 37' N.) was 1128 miles. North of Lake No (lat. 9° 3(f N.) the 
river is called Bahr al-Abyad ; it is fairly'^ wide and the shores are more or 
less shelving. Soiitli of Lake No, where the river is called Bahr el-Gfi})el, 
we passed for many hours through the Sadd, which is composed of masses 
of vegetation, much of it floating ; still further south the shores were usually' 
steeper, occasionally forming cliffs, wliile sometimes rocks cro])ped out in 
the bed of tho river. 

We wnujt a little way up the tributaries Sobat and Bahr el-Zarafa ; tho 
latter runs almost parallel with tho, Bahr el-Gebel, leaving it in lat. 7° 0' N., 
and entering the Bahr ul-Abyud in lat. 9° 25' N. 

In addition to collecting on the AVhite Nile I had the opi>ortunity of 
spending a few hours at Soba, about fifteen miles up the Blue Nile, in 
lat. 15° 32' N., and also a short time at Kbor Surkab, near Kerreri, on the 
united rivers below Khartum, in lat. 15° 4G' N. 

While ascending the White Nile numerous stoppages were made, and 1 
LINN. JOURN. — ZOOLOGV, VOL. XXXII. 21 
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obtained specimens at thirty places^ some of which were visited twice. 
Though the managers of the steamers were most obliging in trying to suit 
the tastes of all the passengers, these halts were only too few and too short 
to satisfy collectors, while sometimes the best hunting ground was just dis- 
covered as the steamer had to start again. A. collection made under such 
circumstances cannot he exhaustive, and indeed must be regarded only as a 
contribution towards our knowledge of the Molluscan fauna of the region. 
The shells wore all taken in the river or within one, or at most two, 
miles from its margin. Many were obtained either by means of a long 
handled scoop, by boys wading, or in the case of the larger ones, such as 
^llieriuy through native fishermen, who caught them in their nets. Others, 
again, were stranded by the subsiding water of the river, wdien the}'- often 
contained the animal alive or but recently dead. Small gasterojiods as well 
as the large Ampullarla were found on marshy ground close by, and the 
former also on water-plants in the river. 

With regard to distribution it is unnecessary to say much here, as it is 
given in the notes on each species. It may, however, be ])ointed out that 
the range is interesting in a twofold w’ay. 

First, the geographical position of the Nile causes it to carry the drainage 
of the region of the Great Lakes down to the Mediterranean, giving rise 
to a commingling of Ethiopian and Paljearctic forms. 

As might be expected, the freshwater molluscan fauna presents, with few 
exceptions, the same cliaractoi* throughout But it is otherwise with the 
land-shells, for Jfeliw desertormn is left behind and distinctly tropical forms 
take its place. , 

Secondly, there is the fact of species extending far beyond the Nile 
Jiegion over the continent of Africa. Among tlio bivalves, Spatlia 7*uheriji^ 
for instance, ranges from Lower Egypt to Uganda, and^also to Senegal and 
the Congo ; S. ivahlbergi occurs near Khartum and extends thence south- 
wards to the Tran.svaal, as well as westwards across to the Ngadda Biver in 
Nigeria. And the large gasteropod Burtoa nilotica extends from the Bahr 
eUGebel to Mahibele Land in the south, to Lake Tchad in the w'est, and to 
the Juba Biver in the east. 

If we consider merely the district of which I have had a more or less 
limited experience, w'e must observe that Cleopatra hoUmoides is by far the 
most frequent and abundant freshwater gasteropod. It pccurs in both Palae- 
arctic and Ethiopian regions, and though so common, is interesting as 
exhibiting a considerable amount of variation. Ampidlaria wemeiy a dis- 
tinctly Ethiopian species, is not only numerous but, on account of its great 
size, it is also conspicuous. 

As it was the dry season terrestrial gasteropods were scarce, and they were 
more es})ocially so in 1912, because there had been less rainfall than usual 
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(luring the previous rainy season. Those? colh^cted were all dead except a 
single specimen of Veronicella niloticcij Oock.^ found at Hillct al-Ntiwer, a 
small islet in the Sadd, and only one example of Lhmvolaria^ which was 
taken at Kaka, contained evem a dead animal. No land-sh(dls were seen 
north of Abba Island (lat. 13° 22' N.), where w^e met with the first specimens 
of Lm}eohm<iy of which genus the individuals became more numerous 
further south. Sheik Tomhe, on the Bahr el-Gebel, vvas the best jdace we 
stopped at for land mollusca, but unfortunately, after a violent thunderstorm 
there were such torrents of rain that I was unable to go ashore. I was 
therefore indebted to my husband and Mlow-passengers for the specimens 
obtaiiKHl. 

The practice of setting fire to the vegetation in the southern districts was 
most detrimental to the gastero])oda, and many were more or less calcined. 

No riamellibran(5hiata were met with south of Lake Shambe with tlie 
excerption ul‘ immature specimens of Corbiada and Sjdiariuni at Gondokoro. 
Pos>ibly the steep character of the shores as well as my not having facilities 
for deep-water dredging is answerable for this, since I alw'ays found bivalves 
most numerous where the margin of the river was shelving. They were 
especially abundant on the flat lower reaches of the Bahr al-Abyad, where 
wading and other birds also abounded, and probably they afforded food for the 
latter, for several shells taken had angular breakages as if made by birds. 
On the muddy flats near Mogran specimens of Mutela and iVodularia were 
very numerous, (^uite the rarest species met with was J\seudomntela plicafa, 
von l\Iarts., of which 1 only obtained one example at Gebel Ahmad Aglia. 

During tlu' present century four collections from the Upper Nile liav(» 
been di^scribed, and in most cases accurate localities have been given. 

The first was made by (Japt. Flower, F.L.S., and recorded in the Proc. 
Zool. Soc. PJOO, p. 970. lie obtained (deven sj)ocies in the Bahr al-Abyad 
and Bahr el-Zarafa, none of which was new to science. 

The s(?cond was the result of the Swedish Zoologictd Expedition to the 
district between Shendi, lat. 16® 42' N., and Fashoda (K(V16k), lat. 9® 54' N., 
during the period from February until May in 1901. Twenty species and 
four varieties were taken, and afterwards recorded by Herr Richard Hiigg 
(1904). One of the latter, a variety of Limirolaria sennaariensu^ Sliiitt. 
{flammata, (^aill.), be regarded as new\ 

The third collection was made by Dr. Innes Bey on the White Nile, and 
described by M. Pallary (Bull. Inst, figypt. ser. 4, no. 3, March 1902). 
Few of the localities visited are given, and the date is not stated. Twenty- 
four species are enumerated ; two gasteropods are not specifically denoted ; 
three laniellibranchs are new, and two others, Unio extryssellinns^ Letourn., 
and r. mysticus^ Bourg., have since been regarded by M. Pallary as varieties 
of Aodidaria nilotica, Caill. 


21 * 
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The fourth collection was made by Dr. Otto le Eoi, of Bonn, and described 
by Dr. 0. B. Boettger and Dr. F. Haas in Froc. Make. Soc., Sept. 1913. 
Twenty-four species are recorded ; as five of these occurred in the Bahr el- 
Ghazal exclusively, and two in the Nile further north, we are only con- 
cerned with seventeen. Of these one form, Limicolaria koenig), is regarded 
as a new species. 

Of course these collections have many species in common ; allowing for 
this we have a total of forty-four in all. 

I obtained fifty-three species, as well as several varieties, on the White 
Nile — thirty-four species of Gasteropoda, and nineteen of Lamellibranchiata. 
Two are ne\r, both Gasteropods, which occurred in the Bahr el-Gebel; one 
is a species of Streptaxh% the other of Segmeutina. In the Blue Nile, in 
addition to several common molluscs, I found a new species of Noihdaria. 
Four species of Gasteropoda from the Bahr el-Gebcl are too imp(3rfect to 
name. Six or seven other species appear to be new records for the Wlnte 
Nile, viz. ; — Limicolaria iurriformis^ v. Marts., L. $mifhi, Preston, Limnma 
cailliaudij Bourg., Jsidora dgbomkiiy Fischer, Sphterium teilhardi, Pallnry, 
Eupera lefourneiixiy Bourg., and perhaps Veronicella nilotica, Cock. It is not 
clear whether the last-named species occurred on the White Nile pr(‘viously 
or not. The only record of the habitat of the holotype is l)y the Nile 
above Khartiim.'^ By Nile is probably meant Bahr al-Abyad, and the 
mollusc may well have been brought down from above by floating Sadd. 

T liave in addition six or seven species wdiich have been previously 
recorded by earlier collectors, as well as thirty-three of the same species as 
those in the four recent collections just quoted. These contain also twelve 
species * which T did not meet with, making a grand total of sixty-five 
species for the AVhite Nile exclusive of the region to the west of liake No 
and south of llejaf. Since authorities differ in opinion as to what should 
be regarded as a si>ecies, any numerical statement must be regarded as 
approximate only. 

On our voyages up the White Nile our fellow-passengers were most kind 
in bringing mo all the land-shells they found, and I must especially mention 
Messrs. Backhouse, Gwynne, and Wallace. I am greatly indebted to 
M. Pallary for naming specimens, and to Mr. E. A, Smith and Mr. Robson 
for their courtesy in affording me facilities for studying in the British Museum 
(Nat. Hist.), and to Mr. Preston for valuable assistance in many ways. 

♦ These are Cleopatra verreatixianaf Bourg. (Ilagg), Bithynia hotsmriy Cliarp. (Hiiffg), 
LamBteB omm^ Peters (J3oettger), Hydrobia schweinfurthiy Jickeli (Hiigg), Planorbis patteliy 
Jickeli (Pallary), I&idora serkinUf Jickeli (Hiigg), Physa subopaea, Lam. (Pall.), PhyjsopsU 
sp. P (Poll.), Succinea rugulosay Morelet (H%g), Lindeolaria hrrdofanay Shiitt. (Pall.), and 
Z. connectensy von Marts, (lloettger). 1 have not counted Corhicula radiutaf l^arr. and 
C. pU9illay PaiT., as Pallary considers them merely immature forms. 
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In ordor to save S]»ace I have onlj' given suffieient references to identify 
eacli s])eei<‘s. Also, with a few exceptions, only the names of works on th(* 
subject published since 1908, as Herr Hligg and M, Pallary have compiled 
conijtb'te lists of those prior to that date. 


Class GASTEROPODA. 

Order PHOSOBUAN(iHIATA. 

Suborder MONOIOCASDIA. 

Section Tsenioglossa. 

Famil) H Y i) u o n 1 1 u 

Subgenus Gabwa, 'Iri/oti. 

(»AnniA sEXNAAllU'A, Kmter. 

Pahiditta sf^nmarkvj Parrel sa in Kiister, 1853, ^ Syst, Coiichyl.-Cah/ p. 44, pi. 9. lig, 10. 

G(4)(‘l Kn (two), Biilir el-Zarnfa (live), small living specimens numerous 
amongst weeds in Lake Sliainhe, and Kanisa (one). Confirmed by M. Pallary. 
He stat<‘s that the sjiecies occurs “Tout lo cours duNil ot do ses affluents.^' 
Bourguiguat reconls it from Abyssinia and the Blue Nile. 

The largest exainjdo was found at Gebel jfcn ; it * measures, alt. 5*75, 
diam. 4 nun. Another from Bahr el-Zarafa is nearly as big, measuring 
ait. 5*5, iliam. 4 nun. 

The specimens from these two localities hav(» the spire slightly higher 
than soine I got in ponds near the I\yramids of ftizeh, which M. Pallary 
considered typical. 


Family V i v i p A R i D /E. 

Genus Vivipara, Lamarck\ 

ViVIPARA unicolok, Olii \ 

Oydo8iomaunkolor^O\W\&[, 1804, 1812, ‘ Voy. Enip, Ottoman,’ vol, ii. p. 39, vol. iii. p. 68, 
Atlas ii. pi. 31. fig. 9. 

Thirty-five specimens were taken at the following localities: — near Mogran 
(six), Abba Island (six), Ad-Diiw^m (one), Hillet Abbas (five), Masran Island 
(two), Gebel 6n (three), Kodok (one), Waw (one), Hillet al-Nuw6r (two), 
and in Lake Shambe (eight). 
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The shells from Mogran and Ad-Duwem have smooth, convex whorls 
with occasional vestiges of spiral lines, or of an angle on the iipjx'r whorls, 
or subangularity on the body-whorl. Nearly all the rest are distinctly bi- 
angular (var. hiamfnlata^ Kiist.) with intermediate moniliforni lines. In 
several of the specimens from Abba Island, Hillot Abbas, Gebel hhi, Kodok, 
and Lake Shambe, hairs are attached to the beads.” On a shell from 
Kodok the hairs arc remarkably long, some measuring 1*20 mm. in length. 
These hairy individuals are like those named by Fraiienfeld, T. ra/nllata, 
but since they do not differ in other respects from V. vnicolor they can 
hardly be considered more than a variety. The specimens of this species I 
found in ponds near the Pyramids of Gizoh nearly all show traces more or 
less defined of moniliform s[)iral lines, but 1 did not observe hairs on any 
of them ; of course this might arise from carelessness in cleaning them, for 
the hairs would be easily rubbed oft*. 

The largest shell is from Ilillet AbMs ; it measures alt. 20*5, diani. 17*;> mm. 
Some of the others are nearly as big. 

F. unicolor is reported throughout Egypt and the whole basin ol‘ the Nile 
from the Victoria Nyanza, Albert Nyanza, Lake Dembea, East Africa, Lake 
Tchad, and Senegal. Also sub-fossil in the Fayum. 


Subgenus Cleopatra, JroscheL 

Cleopatra BULiMoiDEs, Oliv. 

Cyclostoma btilimoides, Olivier, 1804, 1812, ‘ Voy. Emp. Ottoman,* vol. ii. p. 39, vol. iii. 
p. 08, Atlas ii. pi. 31. fig. 0. 

This species was taken at intervals along the' whole length of the White 
Nile between the mouth near Mogran and Gondokoro. A certain amount 
of variation was observed, some having smooth convex whorls and others 
carinated ones, the spiral angle differed somewhat; also the colour varied 
from light horn to almost black, or there were dark strip(‘s on a paler 
ground. None of these characters are of sufficient note to be deemed w^orthy 
of specific significance, but it may be of interest to record the extent of their 
occurrence at different localities. It will bo observed that striped and keeled 
shells were more numerous than unicolorous smooth ones in comparison with 
the number taken, higher up the river than at the mouth. 

Near Mogran were found one hundred and seventy-five examples ; twenty- 
four liave keels, tut on only one is the keel continued to the body-whorl. 
Eighteen are striped, the rest unicolorous. The largest consists of six 
whorls, it measures alt. 16, diam. 10 mm. A more slender form has five and 
a half whorls which measure, alt. 12, diam. 7 mm. 

Ad-Duw6m : six, only one striped.. 
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Tawila ; eleven all dead, only six in tolerable condition, they are <trij>od 
and throe are bicarinate. 

Hillet Abbas : ten, all decollated, five strii)ed, four bicarinate. 

Musran Island ; four, decollated and striped. 

Gebol Kn : seventy-ei^hi, mostly decollated, thirty-seven with botli keels 
and stripes, eleven unicolorous with ke(ds, generally uncarinate, ))iit a lew 
bicarinate. T wenty-three siinjdy striped . 

Gobel Ahmad Agha : two dead, decollated and striped. 

Kaka : nineteen decollated and some much eroded, all striped and six 
bicarinate. 

S. of Mel at : two dead, striped. 

Lake Shambe : ten, all striped and keeled, the greater number bicarinate. 
Colour so dark that the stripes hardly show. 

Gondokoro : one aliv(‘, more elongated than usual as the whorls arc more 
exsert ; it is decollated, strij^ed, and bicarinate. Alt. 14, diam. 7’;> inm. 
Whorls five. If this shell were compared witli one of the broader forms 
from Mogran without the intervening links, each would probably be con- 
sidered a distinct species. 

lleported from Jjower and Upper Egypt, the whole basin of the White 
Nile up to the Victoria Nyanza ; Abyssinia, Lake Rudolf, Mombassa, 
Zanzibar, Angola, and Senegal. 


Family A M r u n l a R T 1 1) m . 

Genus Ampullaria. 

Ampullaria kordofana, y V u7. 

Ampullaria kordofana, Philippi, 1851, ^ Concliyl.-Cab.’ ed. 2: Genus Ampullaria, 
p. 44, pi. 18, fig, 1, 

About thirty specimens were taken, many of which are immature, and in 
that state they are difficult to distinguish from A. wernei, Phil. They 
occurred at Tawila, Kosti, Hillet Abbas, Masran Island, Gebel En, lienk, 
Booth of Melut, Bahr el-Zarafa (southern end), and Hillet al-Nfiwer. 

An example from Kosti, having the apex broken and four whorls intact, 
measures alt. 66, diam. 56"5; aperture, alt. 48, diam. 30 mm. 

A specimen from the Bahr el-Zar&fa has a higher spire than usual and 
thus resembles a variety called elongata by' Bochebrune and Germain (Mem. 
Soc. Zool. France, 1904, vol. xvii. p. 5). They state that their shell corre- 
sponds with that figured by Bourguignat in Moll. Nouv., Litig. &c., 1863, 
p. 78, pi. 11. fig. 13. The dimensions they give are alt. 70-78, diam. 65-69; 
aperture, alt. 50-55, diam. 35-38 mm. Locality, River Oino, ^t jv height of 
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600 metres. My specimen is larger but lias nnidi the same proportions; 
it measures, alt. 82, diam. 70 ; ajierture, alt. 56, diain. 37 mm. It has only 
three whorls preserved, the aj)ex being broken. 

This species is common in all the Jakes and rivers of Egypt as well as 
throughout the whole Nile basin ; it also occurs in Abyssinia. It has thus a 
more extended range northwards than A. ivernei. 

AmPULLAIIIA WKKNEl, Phil. 

Ampullana rrernei, Philippi, ISol, * Oonchyl.-Cab.’ ed. 2: (leiius Ampullana^ p. 19, 
pi. .*). tig. 4, and pL 17. tig. 2. 

About fifty specimens w( re taken. The s])ecies occurred throughout the 
course of the AVhite Nih^ traversed, namely at Abba Island, both opposite 
Fashi Shoya and also at Tawila, Kosti, Hillet Abbas, (iebel En, south of 
Meliit, Lui, Waw, Taufikiy^l, Diilcb (Sobai Uiver), Jlahr el-Zarafa, Lake 
Shambe, Kanisa, and Hejaf Wooding Station, T am uncertain whether to 
refer a number of immature shells found at MaleJv to this species or to 
A, hordofana. 

A large individual from Hillet Abbas consisting of six whorls measures, 
alt. 103. diam. 07 ; aperture, alt. 77, diam. 40 mm. It was alive, as well as 
another nearly as big. Shells from Tawila almost e(pial these in dimensions, 
and the opercnluni belonging to a still larger shell was found at (Tchel Kn. 

A, irevnei has been reported from ncair Kassala to the nortli and tliroughout 
the basin of the U[)per Nile southward to t^e Great Lakes, as well hs west- 
ward ill the Bahr el-Ghazfil and (1iari River. Von Martens mentions a 
variety wliich was collected by Prof. Peters in Querimba Island. 

LaXISTKS CAlllXATUS, Olif\ 

Cyclodoina carinata^ C)livi«r, 1804, 1812, ^ Voy. £mp. Ottoman/ vol- ii. p. 39, vol. iii. 
p. 68, Atlas ii. pi. 31. Hg. 2. 

This species was found at intervals throughout nearly the whole distance 
traversed, namely at Ad-l)uwcm, Abba Island, Kosti, Hillet Abbas, Masran 
Island, (liebel iin, llenk Wood Station, Mashra Zarfifa Wood Station, Kaka, 
S. of Meliit, Kodok, Lid, near each end of the Bahr, el-Zarafa, Jjake Shambfi, 
Kanisa, Malek, and Sheik Tomb6. Of the sixty specimens taken, many were 
living ; the largest, however, which is from Kaka, was dead and devoid of 
epidermis. 

Liwhtes carinatus occurs both in Lower and Upper Egypt ; in the Sudan 
being reported from Sennaar on the Blue Nile, and the Bahr ol-Ghazal as 
well as its tributary the Djiir, and, as noted al)ove, in the White Nile up to 
the borders of Uganda, in the Victoria Nyanzu, Lake Dembea, and as far 
east as the Tana River. It also is found fossil in Recent and Post-Pliocene 
deposits in Egypt, and in Miocene beds near the Victoria Nyanza. 
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Siibgenus Lanistks, Montfort, 

LANIsTK^ INXKSl, Pallart/. 

Lanititea inimi, Tallary, 1901', Jlull. Fust, ser. iv. uo. 8, p. 91, pi. 1. lig. 2. 

Fonrt(M‘ii spocinKiiis woro found at a short distance from the month of the 
Balir el-Zarafa, all dead, only one with the epidermis well ])reserved and 
three witlj fragments of it. The nmhilicns varies in different individuals ; in 
two it is eomj>letely l•o^ere^l by the reflection of the inner lip, in two 
nncovere<l, and in the r(\st it is paHially (*overed. It greatly resembles 
]j. ptn‘pi(r(*ifs, Jonas (Aiupirllarla pinpurea. 18S9, Archiv f. Naturgeseh. 
vol. i. p. pi- 10. fig. 1 ), and may be a variety of that species. It is dis- 
tinguished by the spire having the contour less flattened, tlie whorls more 
convex, siunres dee]>er, and the lines of growth coarser. The height of the 
spire vari(‘s somewhat ; tlie best preserved specimen measures alt. dI’ 5, diam. 
40 mm. ; whorls six. Tla^ largest measures alt. 50, diam. 40 mm.; whorls 

SC'VCM. 

Th(' liolotype was obtained by Dr. Innes Bey on the White Nile, but tlui 
exact locality is not given. I liavc seen the shells in the British Musemn 
(Nat. ITist.) taken hy (^aptain Flower in the Bahr el-Zarafa which vven^ 
referrcMl by him to L, pnrpnreiL% and 1 find tliat they are cons|)ecific 
with /-. iinu'si, Fallary. 


Family Mklanitd^. 

Genus Mela.via, Lamarcl'. 

MkLANJA TriJEUCULATA, MiiU. 

Isevit4i tuhercnlatay ]NJ\iller, 1774, ‘Verm. Terr, et Fluv. sen Ar.ini. Infus., Ildmiii. et 
Testae., non Marin., ISiu’c. Ili.'tf.' vol, ii. p. lOl. 

This A\idely distributed species was taken near Mogran, at Ad-Diiwcm, 
Tawila, Masran Island, Gehel Kn, K;lka, near Melut, in Lake Shjimbc, when^ 
it was esjjecialiy nnmeroiis, and at Gondokoro. 

All th<‘ s[)eeimens an* decollate<l except a few very young ones which have 
the protoconch j)reserved. 


Order PULMONATA. 

Suborder BASOXMATAPHOBA. 

Family Limn id .as. 

Genus Limn*I 2 A, Lamarck, 

LiMN.EA CAILLIAUDI, Bouvy, 

Liimma caillimdiy Boui'guignat, 1883, Hist. Mol. Abyssinie,’ pp. 89, 90| tiji^s. 100-101. 
Five living specimens were found : at Gebel fin (two), Bahi* el-Zarafa (two). 



242 


MKS. JAKK LONGKTAFF «X NOX-MAKIXK 


and at Uiilet al-NAwcr (one). They were near the ed^ro of the river and are 
small. M. Tallary, who kindly oxamined them, considers them iminatnre. 
One from Oebel has the spire more produced and rosemhles L. ucroxa, 
Bonrg. (op. cit. fig. 94), which M. Pallary also thinks is an immature stage 
of this species. He states that L. railUandi is found in the “ ( ionrs du Nil 
Bleu et du Grand Nil.” He has not, liowever, recorded it in his descriptions 
of the Junes Bey Collection ; neither has the Swedish Expedition noted its 
occurrence in the White Nile. Bourguignat rt'ports it in addition from Jjiike 
Dembea. 

This seems to bo a new record of its existence in this region. 


Genus PtANimms, (iuetlard. 

Px-AKOiims BoissYi, Pot. et Midi. 

IHanorhis hoiatyi, ]838, Potiez et Michaud, ‘Cialerie de Douai,’ vol. i. p. 208, pi. 21. 
figs. 4-a 

1 mot with this species both to the north and south of Jjake No, and took 
eighteen specimens in all : at Abba Island (two), Hillet Abbas (four), Cebel 
i*ln (five), north end of Bahr el-Zarafa (three), .south end (one), and Hillet 
al-Nftwcr (three). The Swedish E-\j.)edition appear to bu\e been the first to 
find it in the White Nile, and they obtained numerous young examples at 
Gebel Ahmad Agha, none of which is as large as my biggest,' which 
measures, alt. 3*5, diam. 12 mm. This si)ccies is also recorded from Jjower 
Egypt. 

Planorbis mabeoticus (Letoiirn. MS.), Jnnea. 

Plamrbis luareoticus, 1884, Walter Junes, Bull. Sue. Molac. France, vol. i. p. 3<')9. 

Only one dead specimen in Jjake Shambe, which I sent to M. Pallary, who 
kindly detennined it. He had previously recorded some examples of the 
species found by Ur. limes Bey in the marshes of the White Nile. 

It is doubtful whether this should be sejiarated from F. ehrenhenji. Beck 
(P. cornu, Ehrenb.). Ur. Innes Bey and M. Pallary consider the species 
distinct, restricting the name ehrenbergi to .specimens with convex whorls 
and mareoticus to those with sharjdy keeled w’horl.s. Jickeli and M. Ancey 
regard them as conspecific because there are numerous intermediate forms. 

Prof. Schwcinfurtli took specimens of P. cornu, Ehrenberg (which is 
probably identical with this) in the Bahr el-Ghazal. It also occurs in 
Lower Egypt. 
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Planouius cosmius, lunes. 

Flanorhis cosmtus^ 1884, Walter Innefl, Bull. Soc. Malac. France, vol. i. p. 

1 took blit a single specimen of this small form at Kanisa, wliicli 1 sent to 
M. Pallaiy, as I thought it might be the same as some examples from the 
White Nile referred to by him in Bull. Inst. Kgy])t. j). 90, which he did not 
name. He replied that it was consjiecific and suggested my comj)aring it 
with 1\ cosmius^ Innes. Tt agreed with the description by J)r. Inne-< Bey, wlio 
considers the species to be the Egyptian representative of .ynrorhis. I 
therefore compared it with British sj»eciinen8 of ihat species, and found that 
it comes nearest to the varieiy ecarhtaia^ Joffr.; it is, however, lower, and the 
last whorl is wdder. Jickeli * writes of a now s})Ocies oiPhinorhis having very 
narrow flat whorls which was found by Prof. Schweinfurth in the Bahr el- 
Ghazal. This also may possibly be P, cosmim. 

J3r. Innes Bey had pn^vioasly found other specimens near llamleh. 


Subgenus Segmentina, Fleming. 

Se(}mentina ANoesTA, JicML 

Four sjiecimens wore met with. Bahr el-Zarafa (one living), Hillet aU 
Nilwer (one dead), Kanisa (two living). The largest has a diam. of .‘1*5 mm. 
Jickeli states that this species is very rare ; he reports it from the AVhite 
Nile, Bahr el-Ghazal, and Abyssinia. Dr. Boettger received one example 
only from tlie Bahr el-Gliazal. 

Segmentina kanisaensis, sj). nov. 

Fivft examples taken in marshy pools near the river at Kanisa. 

A description by Mr. Preston is given in Appendix I., p. 265. 


Genus Isidoka, Ehrenherg. 

IsiDOJiA BROCCHII, Ehvenh. 

hidora h'occhii^ Flirenberg, 1831,*Symb, Pliys,’ No, 2, 

Physa h'oeoMi^ Boui^uigiiat, 1862, * i’aliSontol. Alg.’ p. 84, pi. 5. lig. 20. 

Tw’o examples from Gebel En. The largest measures, alt. 7*.5, diam. 
4*75 mm. Bourguignat gives alt. 8-10, diam. 6-7 mm. 

This species is chiefly distinguished from 1. truncata by its higher spire 
and narrower body-whorl. * 

It has been reported from Egypt, Algeria, and Syria. 

* * Fauna der Land- u. Sussw'asser-Molluskeu N.O.-Afrikas/ Nova Acta der K. Leop.- 
Carol. Deutech. Akad. d. Naturf. vol. ii. 1874, p. 217. * ^ 
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ISIDOKA TUITNCATA {F4r,), Bouvff. 

Physa tmncata, FtSrussac, Audouin, ]82G, 'Explic. Soinmaire dea Planches Moll. li}?ypte 
et de In Syrie par Savigiiy/ vol. i. pi. 4, p. ^13. Savigny, ‘ Descr. de r%ypte,’ 1812, 
pi. 2. %. 27. 

Physa ttwicafMf Bourguignnt, 185G, ‘ Am4n. Maine.’ vol. i. p. 17G, pi. 21. figs. 5-7. 

Four spocimeiis wore found at Hillot Abbas and two at Gebel ^In on 
water-plants at tlie edge of tlie river. They were previously mistaken for 
A sericina, Jiokoli (‘Butterfly Hunting in Many Lands/ by G. B. Longstaff, 
1912, p. 424), wliieli liad boon recorded from the district by Herr Hiigg. 
They have, however, a much flatter spire and a longer body-whorl. 

The largest example is from Hillot Abbas; it measures, alt. 9*25, diani. 
G mm. The smailest, from Gebel fin, has an alt. of (5 mm. 

Jickeli unites /. tr uncat a with 7. eontorta^ Mich., considering it a young 
stage of that species, but this can hardly be the case for they differ in form, 
and my biggest shell exceeds in size tho dimension he quotes for 7, coutorta. 
It may more probably be a variety of /. hrocchii^ Ehrb., to which it bears a 
greater resemblance, as they both have a narrower aperture than 7. coutorta, 

Bourguignat states that it is widely spread in Syria and Egypt and that it 
occurs both living and fossil in Algeria. Germain records it from Lake 
Tchad. 

IsinouA coNTonTA, Mich. 

P/u/sa contortaj Michaud, 1829, Bull. Soc. Linn. Bordeaux, vol. iii. p. 268, figs, 15, IG. 

Only one specimen was found, on Masran Island, but many were taken in 
Lake Shambe, most of which were immature. Three or four shells have 
strong raised thread.s running down the whorls along the course of the lines 
of growth. 

This s})eeies was i)reviously found in the White Nile by Prof. Schweinfurth 
and recorded by von Martens. It has a very wide range, being reported 
from Southern Enroi)e, North, West, and South Africa, Abyssinia, and the 
Euphrates. 

IsiDoKA DYBOWSKII, Fuclier^ var. 

Bullinm dyhowaMiy Fischer, 1801, * Moll. Miss. Dybowsky,' p. 366, pi. .8. hgs. 4, 4 a. 

A single example w as taken alive at Kaka. It appeared to me like the 
shell figured by M. Pajlary in ‘Cat. Faune Malac. figypte,^ pi. 3. fig. 34, as 
a variety of Isidora dyhowslii, I therefore .sent it to him, and he confirmed 
iny identification and stated that it was not quite mature. This is a new 
record of the species in the White Nile. 

It has previously been found in Lower Egypt, and also sub-fossil in the 
Algerian Sahara at El Gol^a {Fallary), 
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IsiDouA (Pykoophysa) FOPSKALI, Ehrh. 

Isidora forshult, Ehrenberg, 183], * Symb. Phys.’ No. 3, p. 174. 

One specimen was found alive in Lake Shrunbe. It is of medium size, 
consisting of four and a half whorls which measure, alt. C’75 mm. 

The species is reported from North, East, West, South, and Oentral Africa, 
Aden, Mauritius, and the Cape Verde Islands. 


Suborder STTLOMMATAPHOEA. 

Family Testacellid*®. 

Strkptostele? sp. 

One d('ad spe(;inien at Sheik Tombfi. 

Streptaxis ? SJ). 

Four dead shells at Sheik Tombe too imperfect to identify. 

StREPTAXIS SITDANICA, sp. nOV. 

Three s[)ecimens at Sheik Tombe. A description by Mr. Hugh Preston 
will be found in Appendix L, p. 2G5. 

Family Limacid^. 

Heijcarion ? sp. 

One dead specimen at Sh(»ik Tombe. 

Martensia sp. 

Two dead immature slndls at Rejaf Wooding Station. Four in similar 
condition, probably the same species, found among scrub at Rejaf. 


Family Sten on yrid^e. 

Genus Limicolaria, Schumacher. 

Limicolaria flammata, Caill. 

CoMogenaflammata^ Cailliaud, 18:?3, 'Voyage a M^roe/ vol. ii. pi. 60. figs. 4, o, vol. iv. 

1827, p.265. 

I obtained about eighty specimens of this species. They sliow a consider- 
able amount of variation, and at localities where a series was taken shells of 
the stouter typical form were associated with others varying in their degree 
of slenderness. 
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Now ji slender form has been described by Shuttlewortli * under the name 
of candiilhsima^ and it is represented as pure white in the figures, though he 
states then* are traces of straw-yellow streaks on the last whorl, and that the 
epidermis is thin, pale, and horny. He had only one example, which was 
from Kordofan. 

Von Martens t refers to the traces of brown streaks on this specimen, 
though at first sight it appears white, and he regards these streaks as similar 
to those on L, railliamli^ Pfeiff. (L. flammata). Jickeli J also states that, 
though he lias figured a uiiicolorous example, ho has specimens before him 
with stripes more or less the same as those on L. sennaariensis^ Shutt. 
{flammata). 

Von Martens § has described and figured a small shell from the Bahr el- 
Ghaziil resi'mbling i. candidissima in shape, but smaller and having very 
decided brown streaks, as variety gracilis. 

Still another elongated shell has been described by Dr. l^ilsbry || from the 
Omo IJiver, similar to the last in form and colour, but more elongated ; it is 
named var. smitld, • 

The streaks or flammules wdth wdiich the shells of this group aio orna- 
mented vary in width, distance apart, and also in depth of colour, which may 
be light yellowish-brown, dark brown, or almost black. Owing to the habit 
that molluscs have of burying themselves in the earth, it is common to find 
shells, both stout and slender, bleached on one side, while more or less of the 
epidermis and fiammnles may be preserved on the otlier. 

It is most unfortunate that a name of the significance of candidissima 
should have been given to a holotype ; also it is unfortunate that the repre- 
sentativi* of the var. gracilis should have been a small form. Since Jickeli 
and M. Pallary both comprise the slender shells agreeing in shape, whether 
8tripe<l or unicoloroUvS, under the varietal name of candidissima^ I think it 
advisable to follow their example. 

In my collection the groups found at different localities, besides varying 
among themselves in the width of the spiral angle, have also each a dis- 
tinctive facies, showing slight differences in form and colour according to 
their r<*speetive habitats. 

In consequence of this fact, I consider it most convenient to record the 
specimens topographically, when I shall reserve the word holotype to signify 
L.Jlammataj sensu stricto. 

It w^ould of courso.be possible to make a number of sub-varieties based on 
slight jieculiarities, but these w^ould be of no value without a knowledge of 

♦ * ISfotit. Malac.' vol. i. 1856, p. 49, pi. 6, figs. 7, 8. 

t Malak. Blatt: 1865, p. 197. 

X * Fauna Land- u. Susswasser-Moll. N.0.-Afrika8,* p. 161. 

§ Malak. Blatt. vol. xvii. 1870, p. 34. 

i| < Man. Conch.’ vol. xvi. 1904, p. 283, pi. 22. figa. 87, 38. 
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the different animals. As most collectors visit these reoions diirinf>‘ the 
dry season, it is difficult to ol)tain living specimens. 

Gehel fin: one example similar to the holotype but bleached, alt. Til, 
diam, 25 mm. 

Heiik : her(‘ 1 secured thirteen S{)ecimeiis especially eharacteidsed by 
their largo siz(* and distinct light brown flammiiles. The bigg(»st has ten 
whorls, and iueasurcs, alt. 75, diam. 150, apert. alt. 28, diam, ].‘5 mm. This 

is really a large typical specimen ; it is similar to a shell figured bv 

Dr. Koi)elt (JMartijii u. Cln^mnitz, Syst. (Jonch.-Cab. ed. 2, vol. i. p. 71, 
pi. 215. tig. !}), which he regards as a variety of L. senmanensia. The 

longest shell measures, alt. 79, diam. 28 ; apert. alt. 28, diam. 12 mm. This 

is slightly larger than fig. 4 of Dr. Kobelt. Another individual is still more 
slender, measuring alt. 70, diam. 24 mm. Specimens were taken by Herr 
Hagg at this kxiality, one of which he refers to Dr. Kobelt^s fig. 4 and 
names var. vrasslor. His shell has the aperture somewhat wider than mine. 

Mashra Zarafa : iiiiK* examples all slender, two w’itli slightly convex 
wdi(»rls and especially rqjfembling var. in shape, but distinctlv 

strc'aked with brown. The others have more flattened wdiorls : one is seiiii- 
rransparent and pure white ; it is, however, uncertain whether it is really an 
albino. It measures, alt. 48, diam. 18 mm. 

Kilka : seven very b(»aiitiful shells. One is typical, the others are mon^ 
slend(*r : tliey are distinguished from those from Kenk by having the body- 
wdiorl inor(' fiatteiK'd and elongated. They have on the wdioh' rather broad 
distinct brown flauiinul(»s ; on one example, however, these are finer and 
more brok<m. This last has nine wdiorls, wdiich measure alt. (59, diam. 
25 mm. Another shell is bleached, with only faint yellowish flammules on 
the body-whorl ; it is almost identical in shape and dimensions with Shuttle- 
worth’s figure of the holotype of L. vamlidissiina. 

Kodok, one ; Liil, on(‘, bleached ; Dfilch, one good example of the typical 
form and oru* of var. vandulisslma. 

Lake Shamhe : here wo have a very distinct group of five shells possessing 
especially dark flammules close together, somewhat convex whorls, with an 
impressed lin(‘ below the suture on the body-whorl, wdiicli in two cases ha-^ 
begun on the penultimate whorl. All are referable to the holotype, but 
they vary slightly in their spiral angle. The broadest measures, alt. 54, 
diam. 23 mm. ; a more slender shell has an alt. of (50*5 mm. with the same 
diameter. 

Kanisa, tw^o of typical form ; Malek, one, var. candidisdmai Sheik Tomhc, 
one ; Kiro, one ; Mongalhi, six specimens, of which five are small tyi)ical 
examples, the sixth is more elongated, alt. 55, diam. 20*5 mm., and is very 
like Dr. Pilsbry's figure of the var. smithi ; Lado, three near the holotype. 

KejAf Wooding Station : about twenty, mostly young, tw^o typical, the others 
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more slender, the lar^/est of these greatly resemldes the figure ot aravilis, 
V. Marts. ; it measures, alt. 43, diain. 17, apart, alt. 17*5, diani. 7*5 min., but 
it is not u’.atnre. 

Other slender forms of this group are L. Pilsb., and />. loeniffi, 

Boettger, neither of which have I met with. 

The holotype of L. Jlammata is from Mouna, a few miles north of Seiinaar 
on the Blue Nile. This species, or one of its varieties, ranges southwards 
from this locality to the Lakes Albert and Tanganyika, also to the district 
between the Lakes and Zanzibar, and eastwards to Abyssinia. 

Limtoolauia HEiKiLiNJ, von MurteiiH. 

Achatina (TAmicolaria) Imuflinu vou Martens, 1806, Malak. Blatt. vol. xiii. ]>. U4, pi. 4. 
figs. 1, 3. 

Three specimens were found at Hillet al-Nilwcr. They may be distin- 
guished from L, flamniata, var. (jmrilis, v. Marts, by their flatter spire and 
lower penultimate whorl. 

The holotype came from Soutliern Abyssinia. J^’he sp^^cies was taken by 
Dr. le Roi on the Bahr el-Gebel and the Bahr el-Ghazal ; also in the latter 
district by Dr. Schweinfurth. 

My largest example measures, alt. 34, diam. 16 mm. Von Martens^ 
longest shell measures, alt. 35, diam. 16 mm. 

Limicolaria kambeul, var. turkis, Pfeif, 

Bulimus hamheulf Bruguiere, 1789, ‘Enc. M4th.’ vol'. vi. pt. i. p. 332. 

Vur. turns, Pfeitfer, 1861, l*roc. Zool. Soc. London, p. 25, pi, 2. fig, 3, 

Limicolaria adansoni, Jickcli, 1874, ‘ Fauna L. u. S. Moll. N.O.-Afrikas,’ p. 1 54, pi. 6, 
figs. 3 & 4. 

Two large and two very small specimens were found at Ilejaf Wooding 
fStation, also ten iminatur(3 ones five miles further south at Rejaf. Some 
examples are bleached, but on others the periostracum with its deef) 
.brown flammules is well preserved. The two larger shells agree with 
Pfeiffer's figure, and also with Jickeli's figures 3 and 4 on pi. 6 (op, rit,), 
which he calls L. adansoni, Pfr., and considers identical with L, ttrvrii, Pfr. 
IMlsbry *, how*ever, regards L, adansoni and L. f arris as distinct varieties of 
Ij, kambeul, Brug., the former being the western, and the latter the eastern 
variety. My two larger specimens measure respectively, alt. 113, diam. 
about 52 rnin. (last whorl broken) ; alt. 95, diam. about 50 mm., alt. of 
aperture 46, diam. oflipert. 24 mm. (peristome and base broken). 

Dr. Boettgerf records that Dr. le Roi found four specimens in this 
district, one at Rejaf, two at Kiro, and one at Gemesa (Kanisa ?). 

♦ Tryou, ‘ Man. of Conch.’ ser. ii. 1904, Pulmonata, vol. xvi. p. 252, pi. 25. figs. 9, 10, 11. 

t Proc. Malac. Soc. 1918, vol. x. pt. vi. p. 356. 
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This variety is reported from the sonrces and tributaries of the Upper Nile, 
and also from Lake Tchad. 

M. Germain states that it has been taken at Querke, on the French border 
of Liberia. 


Limioolaria TmiRiFOBMis, von Martms. 

Limicolaria tuiri/ormie, von Martens, 1895, Nachrichtsbl. Mai. Ges. p. 182 ; von Martens, 
1898, Deutsch-Ost-Afrika, Bd. iv. Beschalte Weichthiere Ost-Afrikas, pp. 102, 103, 
pi. 4. figs. 11, 13, & 16. 

A single specimen was found at Sheik Toinbd. It appears to be inter- 
mediate in form between the varieties neumanni, v. Marts, and solida, 
V. Marts. Alt. 63, diam. 29 ; aperture, alt. 27, diain. 14 mm. 

This .xpecies has been recorded previously from the neighbourhood of the 
Victoria Nyanza, whence came the holotype and two varieties jnst quoted ; 
also from Lake Tciiad, but apparently not from the Bahr el-Gebel. 


LlMlCOIiARTA HOHI.FSI, Koh. 

Limicolaria rohl/si, Kobelt, 1895, ‘ System. OoiicL.-Cab.’ von Martini and Chemnitz, 
p. 72 <fc pi. 23. figs, 6, 6. 

This species was taken at Hillet Abbas (two), Hillet al-NOwer (four), 
south end of the Bahr el-Zarafa (five), Malek (one), Sheik Tombe (two), and 
Kiro (four), making in all eighteen .specimens. Dr. le Hoi also found it at 
Tombe, and Gemesa (Kanisa ?). The holotype came from the Ngadda River, 
and the species is further reported from the neighbourhood of the Victoria 
Nyanza, Albert Nyanza, and Albert Edward Nyanza. My largest specimen 
is from Hillet Abbas ; it measures, alt. 42*5, diam. 18 mm. 

The occurrence at this locality is interesting, as it does not appear to have 
been previously recorded so far north. 

The type measures, alt. 38, diam. 17 inm. 

Limicolaria smithi, Preston. 

Limicolaria tmiihi, Preston, 1906, Proc. Malac. Soc. London, vol. vii. pp. 89, 90. 

Idmicolaria prettoni, Boettger, 1918, ibid. vol. x. pt. vi. p. 859. 

Four specimens were found at Sheik TombS and one at Malek. 

The holotype is from the northern shore of Victoria Nyanza. Mr. Preston 
informs me that numerous otlier examples in different stages of growth have 
been obtained in Uganda. 

LINN. JOURN. — ZOOLOGY, VOL. XXXH. 22 



250 


MKS. JANE LONGSTAFF ON NON-MAKlNFi 


Genus Bubtoa, Bourguignat. 

Burtoa nilotica, Pfr. 

Bulimm nUotitm, Pfeiffer, 1861, Proc. Zod. Soc, London, p, 24. 

Limkolana nilotieu, Pfeiffer, 1870, ‘Nov. Conch.’ vol. iv. no. 676, pi. 110. figs. 1, 2 
8, p. 5. 

This species was only met with on the Bahr el-Gebel. Thirteen specimens 
were taken ; near Lake Shumb^ (one), at Malek (six), Sheik Tombfi (three), 
K!r6 (one), and at Lado (two). All were dead, and only two from Malek 
have the epidermis preserved ; a bleached shell from this locality has the 
peristome greatly thickened. 

Burtoa nilotim is a very variable species, and some of the forms have 
received distinct names. 

Dr. Boettger records two specimens from near Gemesa. (Kanisa ?) on the 
Bahr el-Gebel, and von Martens reports it from the Bahr el-Ghaziil. It 
occurs throughout the Lake Begion, and has been found as far south as 
Matabeleland (Conollg). Mr. Preston informs me he has taken it at Ivismayu, 
while Germain records it from Lake Tchad. 


Family Succineid.e. 

Genus Succinea, Di'aparnaud, 

SlTOCINEA CLEOPATH-E, PalUry. 

Succinea Cleopatra, Pnllary, 1909, ‘Cat. Fauno Malac. ^gypte,’ M4m. Inst, ilgypt. 
vol. vi. faac. i. p. 45, pi. 3. figs. 2V), 30. 

Suednea eegyptiaca, Ehrenberg, 1830, ‘ Symb. Phys.’ 

Succinea tndioa, Jickeli, 1874, ‘ Fauna N.O.-Afrikas,’ p. 167, pi. 6. fig. 11 (non Pfeifier). 

Two specimens were found at Gebel £n under a log near the edge of the 
river, one alive, the other dead. They agree with the figures of M. Pallary 
and also with that of S. indica, Jickeli, which species M. Pallary considers 
distinct from S, i/idim, Pfeiff,, therefore he has given it the above name. At 
the same time he states that it is probably conspecific with S. (vgyptiaca, 
Ehrenberg, but as this species was described from an immature specimen 
it is hardly possible to refer other shells to it with certainty. 

It occurs near Alexandria and Damietta. If conspecific with S. irgyptiaea, 
Ehrcnb., it has pfoviously been taken in the White Nile by Prof, Schwein- 
furth and recorded under that name by von Martens in Malak. Bliitt. 1873, 
p. 41. . 
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Family Vaginulidj?. 

Genus Verontcella, Blainville. 

Vekoxioella nilotica, Corhrell. 

A second specimen of this rare species was taken at Hillet al-Niiwer, 
about which Mr. Robson gives further dohiils in Appendix II., p. 2C6. 


Class PELEOYPODA. 

Order EULAMELLIBRANCflIATA. 

.Suborder SUSMTIILACEA. 

Family T H E R 1 1 1) .E. 

Genus .^theria, Lamarck. 

iElHEUiA ELLIPTIOA, Lamarck. 

JEtheria elUptica, Lamarck, 1807, Ann. Miu. Hist, Nat. Paris, vol. x. p. 401, pi. 20 and 
pi. 30. fig. 1. 

Numerous specimens were taken at Ad-Duwem, Abba Island, Masran 
Island, Gebel Jtn, near Gebel Ahmad Agha, and at Mashra Zanifa Wood 
Station. At several places clusters were observed formed of examples of both 
the smooth, typical form, and the variety tulnfera, Sowerby*, adhering 
together, this variety being generally the more abundant. The theorj' that 
the latter is characteristic of calm and the former of more turbulent waters 
can hardly be maintained. This species varies not only in ornamentation but 
also in shape, and sometimes the shells form such musses as to be an im- 
pediment to navigation. 

yEtheiia elliptica has been recorded from the whole Nile Imsin, the Lakes 
Victoria, '^I’anganyika, Dembea, Rudolf, and Tchad ; from the Blue Nile, 
where I, as well as other collectors, have also taken it; ajid from West 
Africa ; a very similar form is stated to occur in the Congo. 

* Zoul. Journ. vol. L 1826, p. 623, pi, 19. 


22 * 
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Family UNTONioiE. 

Geniis Nodularia, Conrad. 

Section Cftlatnra, Conrad. 

NoDULARIA (CiELATURA) NILOTICA, CailL 

Vnio mloticust Cailliaud, 1823, ‘ Voyage A M6ro6,’ vol. ii. pi, 61. figs. 8, 9; vol. iv. p. 203, 

?Unio minaanetisis, Kuster, 1862, ^ Oonch.-Cab,* p. 280, pi. 94. fig. 6. 

Alnindant in the lower part o£ the Bahr al-Abyad, whore I found a hundred 
and forty-two specimens ; the greater number occurred at Mogran and 
Ad-13uwem, only four were taken on Abba Island and one at Kosti. All are 
small, and few, if any, mature, but some have such a remarkably thick test 
that it is possible they may be a dwarf form which never attains full 
dimensions. 

M. Pallary lays great stress both on the colour of 4ihe nacre, and the 
|)resence of wrinkles (flabellations) as characters essentially separating the 
species N. nilotica and N. (jpgyptiaca from one another. I have, however, 
found the colour too variable to be a distinction of specific value. 

Sixty-six of the specimens I took have the nacre salmon-pink, twenty-si.x 
purplish-pink, and fifty white. 

The absence of wrinkles is possibly more constant, for I have not observed 
them on any of the White Nile examples of N. wpyptiaca^ nor on those I 
found in ponds near the Pyramids of Gizeh. They are generally present on 
N. nilotica, sometimes on both ends, at other times on one end only, or they 
may be absent altogether, 

I obtained fair-sized specimens of A\ nilotica at Manshiya, near Mena, 
iourteen in number, ten with purplish-pink nacre and four white. 

T also got twelve examples from the same locality of a form which 
M. Pallary has figured as N. gaillardoti^ Bourguignat MS. They appear 
to me more worthy of ranking as a variety than a distinct species, for there 
are shells intermediate in character w^hich it is very difficult to place. With 
one exception these have all purplish-pink nacre. I also obtained two 
remarkably short specimens. M. Pallary has suggested that JT. gaillardoti 
may be an intermediate form between N. nilotica and N. parreyssu 

The exajiiples of A\ nilotica from the White Nile show a certain amount of 
variation. M. Pallary informs me that two have received distinctive names 
from Bourguignat : one w^hich occurred at Ad-Duwtlm was called Unio mrys^ 
sellinn.% and M. Pallary has figured it (Bull. Inst. ^Jgypt. ser. iv. no. 3, 
p. 94, pi. 2. fig. 4). The other, a swollen, sub-quadrate form, was named 
U. phihsicus or emeritus in lif. I found it both at Mogran and Ad-Duw8m ; 
an example from Mogran measures long. 37, alt. 24, crass. 16’5 mm. One 
of the former measures, long. 36, alt. 23, crass. 14*5 mm. 
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Vnio mufuarimsiit, Kuster (fig. (5), is also probably an iininahire form ol 
tins species. Herr Boettger regards it as a variety and records a single 
specimen from Gebel Ahmed Agha. 

Some of the shells have the dorsal margin lower posteriorly than Z7. eimjS’- 
scllinm^ and come nearer to the type in form. These generally have the 
nacre either white or tinged with salmon-pink within the umbo. 

It would be unwise to found new varieties on any of these shells since 
neither Bourguignat\s nor mine are quite mature. 

The largest specimen I got at Manshiya measures, long. 54, alt. 31, crass. 
24 mm. Herr Hiigg states that the Swedish Expedition obtained twenty 
specimens, of which the dimensions exceed any that I have found in either 
district, having long. 73'5, alt. 42, crass. 32 mm. 

The holotype is from Joseph’s (^inal, Lower Egypt. The species is reported 
from Upper Egypt, also jiroviously from the White Nile, and Mr. A. E. Smith 
has recorded it from Lake Tanganyika. 

NoDULAIUA (( JiELATUllA) iEGYPTIACA, Cailliuifd. 

Unio €i!gyptiacus, Cailliaud, J823, ^Voy. MdrolV vol. ii. pi. 61. 6, 7 ; 1827, vol. iv. 

p. 263. 

I found this species less numerous but more widely distributed than 
iV. nilotiea, Sixteen specimens were taken, none are mature ; the shell 
structure is thin, externally brownish green in colour, the nacre is pinkish 
purple, in some examples the pink tone predominates and in others the blue. 
No wrinkles flabelhitions ’^) observed. 

The largest specimen was found at Mogran ; it jueasures, long. 40, greatest 
alt. 28, crass. 16 mm. Others occurred at Ad-Duwem, Tawila, Kosti, Hillet 
Abbas, Masran Island, south of Melut, Waw, Taufikiya, and Lake Shambe. 

This species has been reported from Upper and Low^er Egypt, in which 
district 1 have also taken examples, the Upper Nile basin, and Central Africa. 

Var. SHAMBiENSis, var. nov. (PI. 18 . figs. 4-7.) 

Diagnosis . — More oval in contour than the type, more swollen, dorsal 
margin more curved. Exterior brown, the nacre varies from pink to purple, 
in two it is rose-pink merging into salmon-pink within the umbo, while in 
another it is bluish-white with salmon-pink within the umbo. Some of the 
examples are remarkably solid, and when this is the case the lamellar anterior 
teeth of the right valve become greatly thickened, divided, and jagged. 

This is a very distinct form having the muscle-scars and the teeth, when 
the test is thin, of N. cegyptiaca, while the shape is something like A", nilotiva, 
but none of the specimens has the wrinkles of that species. The higher 
posterior rostrum distinguishes it from N. parmjssi, though the teeth w lien 
the test is thick resemble those of that species. t 
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I sent examples to M. Pallarv, and he suggested it might 1)0 a variety of 
7'yffifer, Kiistcr, who, however, calls his species the ‘^runzeltragende 
Flussperlmuschel/^ and as I have just reinurked, my shells have no wrinkles ; 
the shape also is different, the umbo being further from the anterior end, the 
hinge-line shorter, and the posterior slope more gradual. 

IJimensioHS, — One specinK^u measures, long. ;i9-5, alt. 23, crass. 16*5 mm 
Another is slightly shorter. Uk^ long, being 38 inin., while the alt. and crass, 
are the same. 

Localitf /, — Lake Shfimbc. Eighteen individuals. 

NoDULAUIA (CiELATUIlA) PARREYSSI, Pllili'ppu (PI. 18 . fig. 8.) 

Unio parm/8»ifV. d. Busch in lit., Philippi, J84B, ^Abbildg. Beschreib.’ vol. iii, p, 81, 
pi. 5. fig. (5. 

TTjiio parreym^ Kiister, 1862, * Conch.-Cab.’ p. 268, pi. iX). fig. 6. 

? Unio smnaarimsis, Kiister, ihuh p. 280, pi. 94. fig, 5 (non fig. 6). 

About ninety specimens \ver(‘ taken between the mouth of the Wliite Nile 
and Lake No, at the following localities: Mogran, A(H)uwem, Tawila on 
Abba Island, Masran Island, Gebel jfcn, Mashra Zarafa Wood Station, south 
of Melfit, and Taufikiya. 

Philippi states that it occurred at Sennaar, White Nile {Kofftrhf/), 

It has also been recorded from the Balir el-Ghaziil by von Martens. The 
Swedish expedition found only one (‘xample in the White Nile, for which no 
locality is given. According to M. Pallary, ‘^Tres commun dans tout le cours 
du Nil et de ses d(^rives.^^ 

This species may he distinguished from AT. nilotmi, Caill., with which it has 
been united by some writers, by its more curv<*d dorsaV margin, lower posterior 
rostrum, more flattened and generally more eroded umbo, the most swollen 
part of the valve being lower, and by the thick and frequently jagged 
anterior tooth in the right valve. The wrinkles vary as in JV. nilotica. A 
young specimen from Mogran is remarkable for having wrinkles over the 
umbo as well us on both ends. The colour of the nacre, however, is rarely so 
deep in tone : it is white, white tinged wdth blue, purplish pink, coral pink, or 
orange, the richest colour being within the uuibo. The exterior is dark 
brown, sometimes with a greenish or yellowish tint. It differs from 
N, mosmmhicensis, Peters, in having the anterior end shorter and lower. 

Philippi's holotype measures, long. 42, alt. 25, crass. 16 mm. 

One of my shells from Ad-Duwem measures, long. 31)’5, alt. at umbo 22*5, 
greatest alt. 24’25, crass. 17 mm. 

A large individual from MR?<hra Zarafa Wood Station is dead and somewhat 
worn, and I feel doubtful about referring it to this species, but it appears 
more like it than any other. It measures, long. 43*5, greatest alt. 26’5, alt., 
at umbo 25‘5, crass. 19 mm. 
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This species shows a certain amount of variation in form. Von Martens 
(Malak, Bllltt. vol. xxi. 1873, p. 43) refers to a small specimen found hy 
Prof. Schweinfurth in the Bahr el-Ghaziil as rnio sewnaanensis^ var. sc1iweut~‘ 
ftnilii, but as there is only one ho hesitates about founding a new specie's on 
it. Later, in ‘Nov. Conch.^ of Pfeiffer, vol. iv. 1876, p. 140, pi. 132. figs. 3-5, 
he describes it as Unio /nirreyssi^ var. sclnvem/ifrflii. Unfortunattdy tlie 
shell is immature ; it resembles several in my collection, but it is impossible 
to know whether it would have grown up in any way distinct from tl)e 
tyj)e in form, and the r(*d colour of the nacre has no value as a speciiic 
distinction. 

Then^ are however two, if not three, distinct varieties. 

Var. oiJLTQiTA, nov. (PI. 18 . fig. 11.) 

Diaffnii/is , — Jiokeli (Nova ActaAka<l. d. Naturf. vol. xxxvii. 1874, p. 274) 
mention^ two shells found hy Prof. S(di\vein£urth in the Bahr al-Ghazal which 
he does not name. Tliey are described as having the dorsal margin mucli 
higher posteriorly and lower anteriorly. Thus the shells have an obli(jue 
appearance. Also the dorsal margin is more or less angular at the anterior 
end. 

LocaJif //, — I took this variety at Tawila (two separate valves), Masran 
Jslainl (three), Melfit (six). There are also two s])ecimens from this last 
locality intermediaio between the variety and the type in shape. 

Dimensions , — The dimensions given by Jickeli are, long. 30, alt. 17*75, 
crass. 11*5 mm. 

One example from Melut is near this, while another is still larger, 
measuring long. 39*5, alt. at umbo 10, greatest alt. 24, crass. 16 mm. 

Var. ELONGATA, nov. (PI. 18 . figs. 0, 10.) 

Diaijnosis . — Shell more elongated, having the umbo nearer the anterior end. 
The adult has the test thicker and more swollen and the teeth are generally 
very strong and jagged. 

The two valves from Tawila, which I have referred to the last varietv, 
resemble this in their great strength but are oblique in form. 

Locality and JHmensions , — The variety elongata occurred at Ad-Duwcm 
(two), Tawila (three), and Gebel Ahmad Agha (one). The last measures, 
long. 42, alt. at umbo 21, greatest alt. 23*5, crass. 20 mm. The largest from 
Tawila measures, long. 40*5, alt. at umbo 2P5, greatest alt. 23 5, crass. 
18 mm. 

A small specimen found at Mogran and another at Khor Surkah near 
Kerreri are shorter than usual and much swollen, also the posterior dorsal 
margin is lower. The former measures, long. 31*5, alt. at umbo 19, greate st 
alt. 19*5, crass. 15*5 mm. ^ 
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Two individaals from Ad-DuwOm have the test much thinuer, the teeth 
less strong, and the exterior a brighter green than usual ; the nacre is 
bluish white. 

NoutJLAMA (Oielatura) soba6nsis, sp. nov. 

Five specimens were tsiken at S6ba on the Blue Nile. 

A description of the species by Mr. H. Preston will be found in 
Appendix 1., p. 266. 

Section Lanceolaria, Conrad. 

Nodulakia (Lanceolaria) teretiusocla, Philippi. 

Unio tenthueidut, Philippi, lii47, ‘ Abbildg. fieschreib.’ vol. iii. p. 46, pi. 3. fig. 3. 

TInio mUliaudi, Fdruesac, von Martens, 1866, Malak. Bliitt. p. 13. 

Vmo Uthophagm, Parroyss in MS. 

Unio Uihopliagm, Ziegler in MS. 

Only a left valve was found at Tawila on Abba Island. It agree.s in form 
with the holotype, bnt is smaller. It measures, long. 39*.5, alt. 17 mm. 

The holotype is also from the White Nile, and measures, long. 51, alt. 21, 
crass. 19 mm. 

This species has had the names cailliaudi and lithopluiffut bestowed ujton 
it, which have apparently only existed in manuscript, for they had not been 
published previous to Philippi’s description. Von Martens gives the name 
cailliaudi priority, though there is no certain evidence of Ferussac having 
published it. Philippi credits the name Uthdphagus to Parreys.s, while von 
Martens refers it to Ziegler. N. teretiusmla is also recorded from the Bahr 
el-GlhazM, Albert Nyanza, N ulna, and Egypt. I have seen the specimen in 
the British Museum (Nat. Hist.) from Abu Zeit referred by (Captain B'lower 
to this species, and find it belongs to the following variety. 

Var. PALLABYi, nom. nov. (PI. 18. figs. 12-14.) 

Vor. lUhophaga, Ziegler, Pallary, 1902, Bull. Inst. ^gypt. ser. iv. no. 3, p. 96. 

Diagnosis , — ^This variety differs from the type in being lower, more elon- 
gated, and more pointed posteriorly, in the umbo being .nearer the anterior 
end, and in the anterior lateral teeth of the left valve being nearer together. 
The valves are also much swollen. The exterior is dark brown, the nacre 
bluish white, tinged with salmon-pink inside the umbo, and in one example 
from Ad-DuwSni this ‘colour has spread all over the interior. 

M. Pallary is mistaken in referring this form to Unio lithophagus, Ziegler, 
which is a synonym in manuscript of the typical name, and According to 
von Martens (Malak. Blatt. 1666, p. 13) has similar dimensions. I therefore 
pro|)ose calling it after M. Pallary. 

According to my experience the variety is much more abundant than the 
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type in the Bahr al-Abyad. It was found at Mogran (fifteen), Ad-Duwem 
(seventeen), on Abba Island, both opposite Fachi Shoya (tliree), and at 
Tawila (thirteen), Kosti (two), Hillet Abb&s (five, and five separate valves), 
Masran Island (one), Gebel fin (six), north of Gebel Ahmad Agha (two 
very small), south of Melut (three), Lill (one), Taufikiya (one valve). 
Total sixty-eight. Reported also from the White Nile by M. Pallary. My 
largest specimen occurred a little to the south of Melut; it measures, long. 
44, alt. 1 7‘5, crass. IC’5 mm. 

Genus Mutela, Scopoli, 

Mutela nilotica. Sow. 

Iridina nilotica, Sowerby, 1824, Zool. Journ. vol. i. p. 53, pi. 2. fig. 1. 

Iridina Cailliaud, 1827, ‘Voyage a Meroe,^ vol. iv. descr. p. 202; 1823, Atlas, 

vol. ii. pi. 00. tig, 11. 

A single valve of a s[>ecimen of this species was found by Dr, LongstafE 
near Gordon^s Tree, Khartum. It is not so large as Sowerby^s type, but 
agrees with it in form, the dorsal and ventral margins being nearly parallel. 
It measures, long. 90, alt, at umbo 32, alt. post. 30 mm. Soworby states that 
his specimen was given to him by M. (^ailliand, and that it came from 
Sennaar. A shell in the British Museum (Nat. Hist.) is probably the holo- 
ty|)e; it agrees with the figure in shape, and has the adventitious marks in 
tlie nacre, which are represented in the drawing, only reverml as would be 
the case if they w^ere copied from the reflection in a mirror. There is no 
certain record of the locality of this individual. It measures, long. 144, 
alt. 54 mm. 

The name niloiwa appears to have been given by Ferussac in MS., but 
Sowerby was the first to describe it, though the shell had been i»reviously 
figured by Cailliaud. 

This species greatly resembles the West African form, J/. exotica. Lam. 
(elomjata, kSow.), but it is distinguished by only liaving traces of crenulations 
along the hinge-line, while they are very strongly developed in AI. exotica. 

Oailliaud^s figured specimen came from Josephus t^anal, Lower Egypt. 
The species also occurs in Upper Egypt, the Blue and While Niles, and 
Albert Nyanza. 

Var, ANGUSTATA, Sowerby, sp. 

Iridina angusiata^ Sowerby, 18(58, in Reeve’s • Couch. Icon.’ vol. xvi. pi. 2. figs, 4 & 5. 

Iridina nilotica, Savigny, 1813, ‘ Descr. ^gypte,’ pi. 7. fig. 2. 

Iridina nilotka, Audouin, 1826, ‘ Explic. Somm. Planches Moll, l^gypte,' p. 46. 

Twenty specimens were taken: near Mogran (seven), at Tawila (one), 
'Gebel fin (one), Gebel Ahmad Agha (four), Masran Island (five), and a 
single valve, south of Meliit (two). This form shows a certain amount of 
variation. The shells found near Mogran come nearest to the liolotype of 
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il/. vilotka in having less difference betAveen the height of the anterior and 
posterior ends, the posterior dorsal margin being less produced, the posterior 
ridge is also very distinct. The mature specimens from Gobel Ahmad Aghii, 
on the other hand, have the posterior dorsal margin greatly produced, and the 
valves are A'ory venrricose, so that the posterior ridge is not so sharp; also 
the ventral margin is more sinnatod. Several individuals show faint taxodont 
teeth on the hinge. The exterior is dull green, the nacre greyish pink. 

An individual from Mogran measures, long. 111b umbo 41, alt. post. 

50, crass, 26 mm. 

The largest, taken a little north of Gebel Alimad Agha, measures, long. 130, 
alt. at umbo 44, alt. post. 56, crass. 36 mui. 

This form was first described by Sowerbv in Reeve, but it had previously 
been figured by Savigny, and was referred to Iriilhia mlotioa, Fer. MS. by 
Audouin, who wrote the explanation of Savigiiy s plates. Sowerby names 
fig. 4 on PI. 2. oj). cit. h niloticu^ but it is really tlie same form as fig. 5, 
W'hich he calls aiujustata, differing only in age. It appears more advisable 
to regard il/. amjustata as a variety of M. nilotica rather than a distinct 
spcicies, tlio chief dificrence being a greater expansion of the posterior dorsal 
margin in the former. 

Sowerby merely gives Africa ?^’ as locality. There are speciniens in 
the British Museum (Nat, Hist.) marked Egvpi and SenegaV^ also River 
Nile.^^ 

It is reported from Egypt, the Blue Nile, Lake Tchad, and West Africa. 


Genus Mutelina, BouTguiijnat. 

Mutelina iiustbata, Rang, 

Jridina rostrata, IJanjf, ‘Nouv. Archiv. Mus<Sum,’ p. 816. 

Eighty-three specimens were taken at the following places : near Mogran 
(thirty-five), Ad-l)nwem (eighteen), TawiJa (five), south of Melut (six), and 
at Lake Sh&mbf; (nineteen). 

The largest were mot with at the latter place, and fiVe of the shells found 
there have the posterior dorsal margin rather higher than usual. The biggest 
measures, alt. 35, long. 100 inin. 

Many of the yoiingei- shells have the epidermis of a beautiful iridescent 
green colour. 

This species was found by Captain Flower south of Abu Zeit on the White 
Nile, but it is not recorded from this region by M. Pallary, Herr Hugg, or 
Herren Boettger and Haas. It occurs in Egypt, and has been reported from 
Lake Tchad (Germain), as well as from Senegal {Jousseaume). 
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Genns PsEaooMUTKLA, Simjtson. 

PsEUDoMi TELA PLTCATA, von Martens, 

Mntda pHcaia^ von Martens, IStiO, Malak. Blatt. p. JO. 

A sin o le speciiiion was taken at Gebel Ahina<l Agba. ISinco only 
two example'^ appear to have been recorde<l }>reviously, this is an 
interesting finJ. These are in the British Museum (Nat. Hist.); one is 
figured by Sowerby in H^onch. Jeon/ vol. xvi. 1868, ])1. 2. fig. i-i, and both 
are referred to by Jickeli, p, 27(). The locality in the British Museum 
register is Cataract at Syene/’ Jickeli gives Sennaar (Kotschy), and 
Sowerby gives no locality. (Jebel Ahmad Agha is about one degree south 
of the province Sennaar; the town of this name, however, is on the Blue Nile, 
lat. l.‘i° 2;V N. My specimen measures, long. 87, greatest alt. .‘{PS, alt. at 
umbo 2Ib crass. 17 mm., and is intermediate in size between the two in the 
British ^Museum, the largest of which measures, long. lOG, greatest alt. IWS, 
alt. at umbo 27*5, crass. 20 mm. These latter are named IriiVnui plicaitu 
Parreyss. In the (Collection Morelet, ‘ Voy. Welwitseh,’ 18158, p. 40, the 
sp(‘cies is attribiitcvl to Parreyss. but ihere is no description. Von Martens 
(Malak. Bliitt. ]8t)(5, p. 10) mentions a sj^ecimen in Ihe British Museum, and 
gives a diagnosis: though this is very brief, the species must be credited to 
him as the first really to describe it. Sowerby in 18(58 describes it more 
fully, calling it Mt/cetopus jdiiuttus^ and referring it to Gray in MS, 

F. pUcata somewhat resemhles MnteJhia rostrata^ but is distinguished by 
being siil)(|U{ulrate posteriorly, and gaping at both ends, by having a rather 
wide groove running from the umbo to the posterior end, and a larger 
cardinal tooth in the right valve. The shells in the British Museum are 
yellowish externally, wl)ile mine is darker, being greyish green, with the 
nacre salmon-pink, merging into bluish white at the margin. 

Genus Spatha, Lea, 

Spatha uruENs, Lam, 

A'fmhnia ruhewsy kamnrek, 1819, Hist. Nat. Anim. sans Vert, vol. vi. pt. 1, p. 80 . 

Spatha cailliautliy von Martens, 180(), Malak. Blatt. vol. xiii. p. 9. 

An adult specimen measuring long. 112, alt. 73, crass. 42 mm., as well 
as the right valve of a still larger example measuring long. 145, alt. 97 mm., 
were obtained from a fishing boat at Kosti. Immature shells in different 
stages of growth were taken at Ad-Duwem, Tawila, and Lake Shambe. 

Von Martens considered this Nile species of Spatha distinct from that 
described by Lamarck from West Africa, and therefore called it S, cailUaudu 
I have, however, compared my specimens from the White Nile, and also 
some I obtained from a pond at Sbabra Maut, near Gizeh, wdth examples 
from West Africa in the British Museum (Nat. Hist.), and I consider them 
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conspecific, for there is no greater variation in form ami colour than occurs 
in a large seri<3S from one district, such as I possess from Shabra Maut. 
The nacre is generally deep pink; my entire specimen from Kosti is pale in 
tone, and two shells M. Pallary has given me from (^airo and the Canal 
Mahmoudich are respectively pearly white and white tinged with pink. 
M. Pallary (Mem. Inst, figypt. vol. vi. fasc, 1, 1909, pp. 84) has shown that 
the forms regarded as distinct species under the names lepsii^ Jickeli, canaiduy 
Bourg., arauata^ Caill., and letoitmeuan, Bourg., are merely stages in the 
growth of S, ruhens. T not only have examples from the AVhite Nile 
in these different stages, but also shells from Shabra Maut indicating them 
clearly by the lines of growth. 

This species has previously been recorded from the White Nile, the Blue 
Nile, the Bahr el-Ghazal, Abyssinia, Uganda, Lake Tchad, and its occurrence 
in Egypt and also in West Africa hsis just been mentioned. 

The figure of S. wissmanni given by von Martens in ‘ Conch. Mittheib' 
vol. iii. 1889, pp, 9, 10, is hanlly distinguishable from an old example of 
this species. It is from the Rivers Lubi and Lubilascli, tributaries of the 
Congo, in S. lat. 5® 6'. 

Spatha innbsi, Pallarj/. 

Spatha iunesif Pallary, 1902, < Moll, reciieillis lanes Hey,’ Hall. Inst, ^gypt. scr. i v. no. S, 
p. 07, pi. 2. iig. 2. 

Specimens were taken near Mogran, at Ad-Duw6m, Tuwila, Kosti, Gebel 
Ahmad Agha, near Melut, at KOdok, and in Lake ShambC. They were most 
numerous at Ad-Duwem, where tw'elve examples were found in different 
stages of growth. 

The holotype measures, long. 60, alt. 37, crass. 25 mm. My biggest shell 
exceeds this, measuring, long. 72, alt. 42*5, crass. 28’5 mm. It is from 
Ad-Duwem. The specimens vary in shape, some having the ventral sinuation 
more pronounced, some are more elongated, while others have the test 
considerably thicker, A small example from Melut is remarkably solid, 
more oblong in form, with the posterior dorsal margin higher. 

This species bears some resemblance to the western form, S. cltaiziana^ 
Rang, with specimens of which I have compared it, biit I fully agree with 
M. Pallary in considering it distinct. 

The exact locality of the holotype is not given, but since Dr. Lines Bey 
kindly gave me an example from Kaka, it may also be from the same 
habitat. 

Spatha w^ahlbergi, Krmm. 

* 

Iridinatoahlberfft, Krauss, 1848, Siidafrik. MolP p. 19, pi. 2. fig. 1. 

Spatha haremanni, voa Marfctsna, 1866, Malak. Blatt. vol. xiii. p. 10. 

Pom* entire specimens were taken near Mogran, and a single valve at 



MOLLFftCA FROM THE SOUTHEllK SFDaK. 


261 


Ad-Duwem. None are matnro. They agree with the figures of both Krauss 
and Jickeli, but are not so large. T compared them wdth two specimens in 
the British Museum (Nat. Hist.) found in the White Nile by Captsiin Flower, 
and also with some from Natal. They are similar in shape and muscular 
markings to all of these, but are not so large as the former; my largest, 
however, is nearly the same size as the smallest from Natal. They differ in 
the colour of the nacre, mine being bluish or greenish white, and the others 
pink. Krauss says the inner surface of his shell is white, the middle flesh- 
colour, while the margin is green and reddish iridescent. Much stress cannot 
bo laid on the tint of the nacre, as it is known to vary greatly in many 
freshwater bivalves. 

My larg(*st example from Mogran measures, long, 68’5, alt. 34, crass. 
18*5 mm. KraussVs specimen measures, long. 113, alt. 52 inm. Flower’s 
specimen measures, long. 112, alt. 55 mm. The largest from Natal measures, 
long. 70, alt. 37 mm. 

It is intere'iting to note what a wide range this species has. The typo of 
S. \rahJher(ti is from the Apies River, the most southern source of tin* 
Limpopo River. The species has been reported from several other localities 
in South, East, Central, and West Africa ; amongst them may bo mentioned 
Khartum, Scunaar, between Ad-Duw6m and Goz Abu-Goma {Hilgg)^ Bahr 
el-Zarafu (Jlohl)^ and Lake Tchad. 

Spatha mahnoi, Jickeli. 

Spatha mcmoi, Jickeli, 1874, ‘Fauna N.O.-Afrikas,’ p. 264, pi. 8. iig, 3. 

The right valve of a specimen of this species was found on Abba Island 
o[>posito Fachi Shoya. It measures, long. 106, alt. 52 mm. Two smaller 
dead and worn examples were taken in recently dredged mud a short 
distance up the Bahr el-Zarafa. This latter locality is the habitat of the 
holotype, whose long, equals 85, alt, 40*75 mm. 

Spatha fourtaui, Pallarg^ 

Spathella fourtaui, Pallary, 1902, Bull. Inst, l^ypt. ser. iv. no. 3, p. 96, pi. 1. fig. 3. 

Twenty-seven specimens were taken at the following localities ; Tawila. 
Masran Island, near Gebel Ahmad Agha, south of Melfit, Taufikiya, Hillet 
al-Nftwer, and fragments of a fair-sized specimen at the southern entrance 
to the Bahr el-Zarafa. They were most abundant to the south of Melfit, 
where nineteen examples were found. The largest is from Hillet al-Nfiw6r ; 
it measures, long. 63, alt. 29’5, crass. 17 mm. ; it is slightly lower than usual. 
A single valve from Melftt measures, long. 60, alt. 29 mm. 

This species greatly resembles S. mamoi and may possibly be a variety of 
that species. It shows a certain amount of variation, and some specimens are 
very like the small examples of S. mxrnoi from the Bahr el-Zafafa. in form 
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and size, but not in colour. S. fourtaui is distinguished from S. mamoi in 
being smaller, thinner, having the posterior dorsal margin slightly more 
angular, the ventral margin more sinuated, and in the nacre being bluish or 
greenish white instead of pink. 

M. Pallary does not state the exact lociility on the White Nile where the 
holotype was found. 


Family Cyrenii>.e. 

Genus (^ORBICULA, Megerle von Malilfeldt^ 

CoRBTCULA CONSOBttINA, CailUaud. 

Oyrem consobrina^ Cailliaud, 1823, * Voy. a vol. ii. pi. 61. figs, 10 & 11 ; 1837, 

vol. iv. p. 263. 

This species occurred almost throughout the whole length of the river *we 
traversed. I took it near Mogran, at Ad-Duwcm, Kosti, Abba Island, Hillet 
Abbas, Gebel En, Mashra Zarafa Wood Station, Kakfi,, Hillet al-Niiwcr, 
Lake Shambe, south end of the Bahr el-Zarafa, and Gondokoro. It was 
very numerous near Mogran and in Lake SharabA. Most of the specimens, 
however, are immature ; the largest is a single valve from Hillet AbbAs which 
measures, long. 34, alt. 30 mm. Another from Mogran measures, long. 23, 
alt. 20’5, crass. 14*5 mm. The colour varies from light green in young to 
darker green, brown or nearly black in adult examples. (\ vousohrina exists 
throughout the region of the Nile and in Abyssinia. 

(kiRBicULA ARTINI, Pallary, 

Corhicida artini, Pallary, 1902, * Moll, recueillis par le Dr. lanes Bey dans le Ilaiit Nil,* 
Bull. Inst, ilgypt. ser. iv. no. 3, p. 93, pi, 1. fig. 4. 

Corhicula lamtjermin (Bourguignat), Germain, 1906, Bull. Mus, Hist. Nat. Paris, p. 583, 
tig. 18 6. 

Only found in the Bahr al-Abyad, where it occurred at the following 
jdacea : near Mogran, at Ad-Duwfiin, Abba Island,, Kosti, Hillet Abbas, 
Masran Island, and Gebel iln. It was most numerous at this latter place ; 
a single valve taken there is the largest example, measuring, long. 23, 
alt. 24 mm. A specimen from Tawila on Abba Island measures, long. 21, 
alt. 21, crass. 15:5 mm. M. Pallary gives the dimensions as long. 22, 
alt. 23, crass. 18 mm. This is a remarkably solid shell ; the exterior varies 
from pale green when young to dark rich brown when adult, the interior is 
purple. M. Tallary states that this species is rarer at Alexandria and 
Ismailia than in the White Nile. 
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Genus Sph.ebium, ScojtoU. 

SPH.ERIUM TBILHABDI, Pallari/. 

Spheerium teilhardi, Pallary, 1909, M4m. Inet. I^lgypt. vol. vi. fasc. i. p. 74, pi. 4. 
fig. 27. 

About thirty-four specimens were taken. The species was deterniined by 
M. Pallai'y, wlio had recorded it from Lower Egypt, but this seems to bo the 
first notice of its occurrence in the Sudan. It was found both to the north 
and south of Lake No, at Altba Island, Hillet Abbtis, Gebel t^n, Lake 
Sh&mbe, and po.ssibly one immature shell from Gondokoro is referable to 
this species. The largest is from near Gebel En ; it measures, long. 11*5, 
alt. 8*5, crass. 5’5 mm. 

? PlSIDIUM sp. 

Only two small si)ecimens possibly referable to this genus were found, one 
at Gebel En and the other at Lake Shambd. They are, however, too immature 
for certain identification. 


Genus Eupera, Bourguigiuit. 

Efprra parasitica. Desk. 

IHnum ))arasitMum, Parreyss in Deshayes, ISo?, ‘ Catal. Conch. Bivalv. Brit. Mas.’ vol. i. 

p. 280. 

iMmim ferniginea, Jickeli, 1874, ‘Paiiiia N.O.-Afrikas,’ p. 293, pi. 11. fig. 10. 

Five specimens were taken, four at Gebel ^3n and one at Hillet al-Niiwcr. 
M. Pallary kindly examined Ihis and the two following species. Hu states 
that it occurs throughout the whole course of the Nile ; Bourguignat records 
it from Abyssinia and von Martens from the Victoria Nyanza. 

Eupera .iickeli, liovrg. 

Eupera jickeli, Bourguignat, 1883, ‘ Hist. Malac. Abyssinie,’ p. 134. 

Linmina ferruginea, Jickeli, 1874, op. cit. p. 293, pi. xi. fig. 17. 

Nine examples in Lake Shambe, and thirteen from Masran Island. Only 
one specimen was found by Hr. Innes Bey in the White Nile, and the exact 
locality is not stated. Bourguignat records it from Abyssinia and throughout 
the course of the Nile to Lower Egypt. 

Eupera letouhneuxi, Bmrg. 

Eupera letcumeuxi, Bourguignat, 1883, ‘Hist. Malac. Abyssinie,’ p. 184. 

Seven specimens were found near Gebel Ahmad Agha in the interstices 
of clusters of JEtliena elliptica, Lam. Bourguignat only reports its occur- 
rence in the canals of Alexandria. This appears to be a new record for the 
White Nile. 
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List of Localities with their distances from Khartum 
and their latitude N.' 


Miloti }),y river 

from Latitude 

Khartdiii. North. 

12 Kerreri 16® 47' 

Khartfim lo® 37' 

14 S6ba (Blue Nile) 16® 32' 

125 Ad-l)uwem 14® 0' 

213 Sennaar (Blue Nile) .... 13® 25' 

Abba Island 13® 22' 

Tawila 13® 16' 

192 Kosti 13® 10' 

Hillet Abbas 13® T 

209 Masran Island 12® 45' 

238 Gebelfo 12® 87' 

llenk 11® 45' 

353 Gebel Ahmad Aglid .... 11® 0' 

Mashra Zarafa 10® 60' 

404 Kaka 10® 40' 

413 Melut 10® 27' 

469 K6d6k (Fashbda) 9® 54' 

611 Lai 0® 47' 


Milos by river 

from Latitude 

KliBrtam. North. 

Waw 9® 40' 

618 Taufikiya 9® 25' 

Duleb (R. Sobat) 9® 22' 

612 Lake No 9® 30' 

Bahr el-Zarafa . . 0® 25'-7® 0' 

751 Hillet al-Nuwer 8® 13' 

866 LakeShambe 7® 0' 

916 Kanisa 6® 50' 

Malek 6^ 7' 

»Sheik Tombe 6® 43' 

1072 Kir6 5® 22' 

1086 Mongalla 5° 12' 

Ladi) Wooding Station . . 5® 8' 

1107 Ladd 6® 2' 

1116 Gondokoro 4® 54' 

Rejaf Wooding Station. . 4® 50' 

1128 Rejaf 4® 45' 


Bibliography. 

Boettgbb, C. R., and Haas, F., 1913.— On a collection of Land and Freshwater Shells 
from the Upper Nile Region. Proc. Maine. Soc. Lond. vol. x. pt, vi, pp. 355-361. 
C 0 CKRRK 1 .L, T. 1). A., 1910.— An apparently new Slug from .the River Nile. ‘ Nautilus,’ 
Boston, Mass., vol. xxiii. 

OoNOLLY, M., 1912.— Revised Reference List of South African Non-Marine Mollusca. 
Ann. S. Afric. Mus. vol. xi. pt. iii. 

Germain, L,, 1906. — Contribution k la Faune Malacologique de I’Afrique iSkjuatoriale. 
Lac Tchad. 

1906.— Contribution Faune Malacologique de TAfrique ^Iquatoriale, Victoria 

Nyanza. 

1906. — Sur quelques Corhicules de FAfrique ]^quatoriale. Bull. Mus. Hist. Nat. 

Paris. 

1907. — Les Moll. Terr, et Fluv. Afrique Centr. Franc. Mission Chari. Lac Tchad. 

1911. — ^^tude sur les Mollusques terrestres et fluviatiles recueillis au Cours de la 

Mission de Delimitation du Niger-Tchad. 

1911. — Contributions k la Faune Malacologique de FAfrique ]^uatoriale, xxvi.: 

Mollusques nouveaux du Tchad, &c. Bull. Mas. Hist. Nat. Paris. 

Haas, F., 1910.— Neue Najadeu. Nachr.-Bl. Deutseb. Malakozool. Ges. vol. xliu 181-188. 
Frankfurt a.-M. 

J0U8SEAX3IK, F., 1886.— CoquiUes du Haut-S4n4gal. Bull. Soc. Zool. France, vol. xi. 
Kobblt, W„ 1910.— Die Molluskenausbeute der Erlangerschen Reise in Nordost-Afrika. 
Abhandl. Senckenbergischen Naturforschenden Ges. vol. xxxi. 



MOLLUSCA KJIOM THE SOL'TIIEUX SHHAN. 


2fi5 


Martens, E. C. von, 1 897. — Besohaltn Weiclitliiere. Thiovwelt Doutsoh-Ost-Afrika, vol. i v. 
Nettvillb, it., and Anthony, II., lOOd — Lisle Mollusqiies d'Abyssiiiie. Bull. Mus. Hist. 
Nat.^Piirifl, xii. 319-8:11. 

Pallary, P., IIKK). — Catal<»jruo Taunc IMalacol. figy])te. Mom. Inst. 

I*iLSBiiY, 11. A., 1904. — Manual of Conchology, vol. xvi. Limit-oluriu. 

RooHETiitUNK, A. T. DM, niid (iKUMAiN, L., 1904. — Diagnoses Mollusques uouv. prov. de la 
IMission dii liourg. do Bozas. Bull. Mus. Hist. Nat. Paris, x. J41-J44. 

1904. — Mollu-squos rociieillis par la IVlission du Bourg. do Bozas. M4m, Soo. 

Zool. France, vol. xvii. 

Simpson, C. T., 1900. — Synopsis of the Naidos, or I’early Freshwater Mussels. Proc. U. S. 
National Mus., W'ashington, vol. xxii. 


APPENDIX I. 

J)esori][tfioH of Species. By Hrciii B. Preston, F.Z.S. 

Seomentjna kanisaensis, Prf^ston^ sp. nov. (PI. 18 . 17-19.) 

Slioll siniill, siilmrbioular, witli coiicavo spiro, midish brown; whorls 4, 
ro^ulai*ly incn'tisiii^’, tho first throo suiikon, tlie last carinato below, marked 
with oblique growth ridges, and sculptured wiih mieroseopie, wavy spiral 
stria? : suluro well impressed ; base of shell flat, slightly polisluMl, sciilptnrod 
as above ; umbilicus raiber sJiallow, wide, about one-fonrtb the diameter of 
the shell ; eoluimdla margin very short and obliquely descending, diffused 
above iiilo a not \erv well defined parietal callus, uliicb reaches to the 
upper margin of the labrum ; labrum acute, receding below, projecting 
al)ove ; aperture bliinily sagittiform. 

Alt. 1, diam. maj. 4, diam. min. ;P25 mni. Aperture : alt. 0*7o, 
diain. 1 min. 

Hab. Kanisa ; five specimens G, B, Lomjstaff), 

This would seem to be the shell cited as S, anpuata^ Jick.* })y Pallary in 
hi.s paper entitled Mollusqiies recueillis fiar le Dr. Tunes B(*y dans 1 (j 
H aut Nil fi'oni which it differs chiefly in its less jjolhhed a})pearance, 
flatter, more angular and broader form^ morti convex and less tightly coiled 
earlier whorls, less concave spire, flatter base, and wider umbilicus. 

Stkeptaxts suhanica, Premlon., sp. nov. (PI. 18 . figs. In, IG.) 

iSlioll perforate, ovately rectangular, whitish, thin, shining ; whorls G, 
the first very small, the second proportionately large, the third and fourth 
regularly increasing, the fifth and sixth rapidly increasing and eccentric ; 
the apical whorls smooth, polished, the remainder sculptured with oblique, 
arcuate, rather closely set, transverse costulse, which become finer on tlio 

* Jickeli, 1874, ‘Fauna Land- u. Siisswasaer Moll. N.O.-Afrikas,’ pp. 220-221. 
t JLe Caire, Bull. Inst, ^gypt., s6r. iv. 1902, p. 90. * 

LINK. JOURN. — ZOOLOGY, VOL. XXXII. 23 



266 


Mils. JA5TB LONGSTAFF ON NON-MARINE 


last whorl ; suture impressed, crouellated by the terminations of the transverse 
costulse ; umbilicus narrow, deep, somewhat ovate ; columella descending 
in a curve, outwardly expanded, difiEused above into a somewhat ill-defiued, 
outwardly spreading, parietal callus which reaches to the upper margin of 
the labrum ; labruui outwardly expanded and reflexed, projecting in front, 
receding below, and a little above to form a broad and shallow sinus ; 
aperture ovate. 

Alt. 16*25, diam. maj. 11, diam. min. 9*5 mm. Aperture : alt. 8, 
diam. 5*5 mm. 

Hab. Sheik TombO ; one young and two adult specimens (ATnv. G, B, 
Longstaff). 

NoDULARIA (('JiELATURA) SOBAENSIS, sp. nov, (PI. 18. figs. 1-6.) 

Shell rather small, ovate, covered with a somewhat thin, brownish-olive 
periostracuin which becomes scabrous posteriorly, j)ainted (with the exception 
of the extreme anterior and posterior sides) with fine, radiate, greenish, 
transverse bands ; both valves marked with concentric lines of growth, 
considerably wrinkled and coarsely nodulated towards the umbonal regions ; 
dorsal margin sloping upwards in a straight line from the anterior to the 
posterior side ; ventral margin gently rounded ; anterior side somewhat 
angularly rounded ; posterior side broad, obtuse, rounded below’^ ; right valve 
bearing a somewhat elongate, erect cardinal, a very fine and rathc^r short 
anterior, and an elongate, slightly curved posterior lateral ; left valve bearing 
a weak, rather minutely nodulous cardinal, and two elongate; curved, 
posterior laterals ; both anterior and posterior muscular scars well impressed, 
the anterior especially so ; pallial line well marked and continuous in both 
valves ; interior oF shell pale pinkish. 

Long. 19, lat. 31, diam, 12 mm. 

Jlah. S6ba, Blue Nile; five specimens {Mrs. G. B. Longstaff). 

The specimens from which the present species is described have been 
submitted to M. Paul Pallary, who is also of opinion that they cannot be 
referred to any hitherto known form. 

APPENDIX II. 

The Dentition of Veronicolla nilotica, Cockerell. (Text-figs. 1 & 2.) 

. By Gr. C. Robson, B.A. 

(By permission of the Trustees of the British Museum.) 

A single example of this species was obtained by Mrs. G. B. Longstaff at 
Hillet al-NflwSr, an islet on the Bahr el-Qebel. It was found among papyrus 
on the river bank ; and although smaller than the type, it corresponds very 
closely to the description given by Prof. Cockerell (‘Nautilus,* xxiii. 
p. 108). The author did not give any account of the radula or jaw in this 
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description, nor has any been subsequently published. In addition, Prof. 
Cockerell apparently was not in possession of any information as to the actual 
< 3 olour of the species, his account being based on the colour of a specimen 
preserved in alcohol. Thanks to the careful notes of the colour made by 
Mrs. Longstaff, and to the kindness of Dr. H. M. Gwatkin, who lent the 
author the radula of the type specimen for purposes of comparison with that 
of Mrs. LongstafPs example, it is now possible to give a fuller account of 
this interesting species which, as Prof. Cockerell says, extends the range 
of the genus fifteen degrees further north in E. Africa. 

Veronicella nilotioa, Cockerell. 

External appearance and remarks on general disposition of some of the 
internal organs, see ^Nautilus,’ xxiii. p. 108. 


Fig. 1. 



Veromcella nilotica, Cockorell. — Radula. Holotype in possession of the Rev. Dr. Gwatkin. 
By Nile above Khartum. Figured under 4 oc. X 6 obj., Reichert. 


Radula . — The exact number of teeth in a row is not quite certain but is 
])robably not more than 50 ; 48 may possibly be the average number in a 
row. The sinuosity indicated on the base of the teeth numbered 20-113 in 
the figure is frequently, though not always, emphasized so as to form a 



Veronicella nilotica, Oockeroll. — ^Jaw. Holotype in Zoological 
Dept. British Museum, Hillet al-Nuwer, Bahr el-Gebel. 

Figured under 4 oc. X 3 obj., Reichert, 

' marked notch or indentation. Somewhere about the twenty-nintli or 
thirtieth tooth in each row, a marked transition is effected toward the 

23 ^ 


t: 
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square marginnl type, though u modific®.tion of the lateral is appreciable 
earlier in the series. 

Jaw . — Only one side of tho jaw is figured. The complete jaw is composed 
of a total of 19 rather narrow plates sot close together. Tho width of 
these plates varies but their disposition is not bilaterally symmetrical, 
there being one broad plate on one side and throe on the other. 

Colour , — Dorsum voiy dark grey, hyponotum dirty yellow turning tcs 
deeper yellow anteriorly. Covered generally with small black spots. Foot 
sole orange. Tentacles dark grey. 

[The Collection has been presented to the British Mnsemn (Natural History).] 

EXPLANATIJON OK PLATES 17 & 18. 

Pi.ATK 17. 

Map showing localities of Mullusco. 

Plate 18. 

Fig. 1. Nodularia (Calatura) sabaMnis, Preston, sp. nov. ICxtemal aspect of right viilve. 
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„ Internal aspect, showing hinge. 
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„ Dorsal aspect. Nat. size. — Suba, Bine Niie, 
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(cgypliaca^ CailL, var. shambieuHtH, Jjongstafl, var, nov, ]^x- 
leriial aspect of right valve. 
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,, lnleiTia.1 aspect of thin slidl showing hinge. 
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„ Internal aspect of tliick shell showing strong 

teeth. 

7. 
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„ Dorsal aspect, Nat. size. — Lake Shambe, Bahr 

el-Debel. 
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parreyssl, Phil. Internal aspect of shell similar to PhilippiV 
figure of typo showing hinge, — Ad Duwem. 
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„ var. dungataj Longslali^ var. nov, Exiernal aspeci 

of right \alve, 

10, 
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ff 

„ yar. dmgatn^ Longstail) var. nov, Dtu’sal aspect. 

Nat. size,— Gehel Ahmad Agha. 

11. 
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ff 

„ var. obliqndj Longstaff, var. nov. External aspect 

of right \alve, Nat. size. — S. of Meliit. 


Xoduhiria {Lanceolario) teretutscula^ Vhil,, yb.i\ pallatyi^ \ry. nov. Ex- 

ternal aspect of right valve. 

l;i. 

•> 

ff 

„ Internal aspect showing hinge. 

14. 
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Dorsal aspect. Nat. size.— Near Mogran. 

15. 

SirepOim mdanica, Preston, »p. nov. Front aspect. 

10, 


r* 

Dorsal aspect. Nat. size. — Sheik Tombe. 

17. 

Seyiuentina kanisaensh, Preston, sp, nov. Front aspect. 

18. 


ff 

Spiral aspect. 

19. 


ff 

Basal aspect. — Konisa. 
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SroLiA Kuniana. — II Ftmlculina quadrarujularis (Pallus); Diazona violacea^ 
Sav. ; Forhesella lessellata (Korbesj ; variation in Aseidia ; and records 
of various rare Invortebraia. By W. A. ITerdman, F.R.S.. F.L.8., 
Ib’ofcssor of Zoology in ihe University of Liverpool. 

(Duatk 19.) 

[Head (iih Novembc'v, 1913.] 

Tn Part I, of Spolia Runiaiia/^ last year I dealt mainly with Hebridean 
sp(‘cimeiis t)f tlio giant Peiinatidid, Fmncidina quadmuifulavis^ and of the 
(Compound Ascidian Ifiazona riohtcea. During the cruise of the yacht 
‘Buna’ in the pres(‘nt suinnuM* (July and August 191!}), we were fortunate 
enough <o capture many .additional specimens of both these comparatively 
rare animals, and this wealth of material has enabled me to add some further 
particulars to wlmt was [)reviousiy reconled. During the cruise I paid 
particular attention io the Tnuicata, and preserved largo numbers of several 
common sj)ecios with a view to studying individual variations and their 
hearing on sp(M*ili(*- characteristics. We obtained also some speciimms of the 
less common ( ^yntliiid Forhesella (Forb.), and the examination of 

these has (uiabled me to offer soin<» nuiiarks upon the position of Ibis isolated 
spe(des in the system ” of classification. 

The occurrence of a few other rar<» forms seems worth {)ntting on 
record : — 


1. New or Interesting Records. 

(1) The Starfish Fteraster m’ditaris (0. F. Miill.) was dredged in the 
Inner Sound, between the Island of Raasay and the mouth of the Gair Loch 
{Ross-shir(’), from a depth of 20 fathoms, on August 18th. This is a northern 
species, found on the coast of Norway, and not previously known, I believe, 
from the British seas — the nearest locality being the Faroe Channel, 
^ Porcupine ’ expedition, from over 400 fathoms ; and, again, the ‘ Triton ’ 
expedition, 530 fathoms. 

Prof. Jeffrey Bell in a letter (Oct. 22nd) remarks : “ I do not suppose it 
occurs in strictly British waters.’^ Consequently the present record makes 
an addition to the known British Fauna. 

Our Scottish specimen measures as follows : — 

R—22 inni. ^=8 mm. 

Greatest height =8 mm. 

Breadth of arm at bases 10 mm. 

A red eye-spot is conspicuous at the extremity of each arm. 

♦ Journ. Linn. Soc., Zool. vol. xxxii. p. 168, May 1918. * 
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(2) The Echinid Echinus acutas^ Lamk., was dredged in the Sound of 
Mull, north of the Green Islands, from a depth of 20-30 fathoms on 
July 16th, 1913. 

This is a southern form which occurs in the Atlantic to the west and 
south of Ireland, and has apparently not been recorded previously from 
Hebridean waters. 

The dimensions of our specimen are : — 

Diameter of test =54 mm. 

Height =36'5 inm. 

Diameter of peristome =17'5 mm. 

Diameter of periproct=6*5 mm. 

Largest spine =26 mm. 

The bases of the spines arc of a greenish colour. The conspicuous 
characters of this Echinid when alive — which at once attracted my attention 
to it in the dredge — were the comparatively few but very long spines, and 
the general white coloration. 

(3) Amongst other more noteworthy Echinoderms obtained were : — 

Antedon tenella (Retzius), as w'oll as ji, phalanfmnn (G. Miill.) and 

A, hijida (Penn.), 

Asterias muelleri (Sars), as well as ruhens. 

Ophiocnida hrarhiata (Mont.), with other commoner Ophiiiroids. 

Ehyllophorus pellucidtfs (Dub. & Kor,). 

Mr. H. (J. ('had wick, who has examined, these Ecbinoderniata for me, 
throws doubt upon the distinctness of the last species from P. drummondi ; 
and he is inclined not to recognise the validity of the characters drawn 
from the spicules known as tables’^ in the integument of 1\ peUiicidtti: 
and of P. drummovdi* 

(4) Several boulders brought up (with much labour, and risk to the 
dredging-gear) from some of our deeper hauls, on rough bottoms, yielded 
a few examples of the rare solitary corals : — 

{?) PamcyatUus taailianus^ Goi^se ; the Minch, 30 fathoms — a doubiful 
species. 

CaryopliylUa smithii^ Stokes ; off Ardnamurchap, 22 fathoms ; and 
south of the Island of Eigg, 30 fathoms. 

We also got the following other notew^oiihy Actinozoa : — 

Epizoanthifs incmstans (DUb.& Kor.), off Vaternish Pt., 8kye, 50 fathoms j 
and P. covcliii (Johlist.), Loch Hourn, 35 fathoms. 

Sarcodicfyon mtenaia^ Forbes, at many localities, and of throe quite distinct 
colours, viz. : — (1) the usual deep red, (2) pale yellow or creamy white, 
and (3) a bright cinnamon 1:int, exactly as figured by Forbes and Goodsir * 
in 1851 from the specimen dredged off the Croulin Islands, and which they 

♦ Ti’ans. Hoy. Soc. Edin. vol. xx. p. 307, 
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described as a new species nuder the name S. a(fglomeraia. We dredged 
some specimens of the last from the original locality, but I have no doubt 
they are simply a colour variety ot* S. catenata, 

(5) Professor Dendy, who has kindly looked over tlie sponges of the 
‘ Runa ^ collection, notes the following as the more interesting forms, all 
from the Shiant East Bank and neighbouring parts of the Minch : — 
Tethya lyncurium^ Ficulhta Jicvs^ Suherites cariiosus^ J Hctyocylindrus stuposus^ 
Phakellia ventilairuniy Ph, (Isodirtya) infundibulifomiis, and a series of 
Qvasillina (Polymastia) hrevis and Polymastia mammillaris, which Prof. 
Dendy says seems to indicate that Bowerbank was right in assigning the 
species, Q. brevis, to the genus Polymastia ; but the question wants working 
out with specially preserved material.’* 

Amongst the other, commoner, sponges obtained were many specimens of 
the large white Esperella and every specimen examined hud embedded 

deeply in its interior some examples of the eggs or embryos of the cuttle- 
fish, Nossia macrosoma, I had found these in the same position under the same 
circumstances the previous summer, and, now again in 1913, I found soiiie- 
timos quite young eggs and sometimes far advanced embryos, with the eyes 
and the arms and other ])arts of the cuttle-fish distinctly visible on removing 
the opaque egg-shell. This year, however, on opening some of these eggs, 
I found no cuttle-fish embryo, but the whole of the interior of what had 
evidently been the covering of the cuttle-fish egg filled up with sponge-tissue 
like that ouiside. The only explanation I can suggest is that some of the 
eggs or embryos die, or arc? unable to break out through the sponge to tlie 
exterior, and that in these cases the neighbouring tissue grows into tlie 
capsule and rc})lac(‘S rlie normal contents. 

((!) Mr. A. 0. AValker, who Avas with us on the ‘ Runa* for a f(?w days in 
the <'ar]i(?r part of the cruise collecting Amphipods, and who has kindly 
examined all the high(?r (Crustacea obtained, reports as follows : — “The total 
number of species of Malacostraca taken is 108, made up as follows : — 
Decapoda 23, (himacea 2, Euphausiacea 2, Isopoda 5, Ainjiliipoda 7(5. 

‘‘Of these, tli(? following do not appear in Oanon A. M. Norman’s list of 
Crustacea collected in the Shetland Sc»as in 18(51-7 (Report, British 
Association, 18(58); — JVephrops norvegims (Linn.), Philorheras sculjttas 
(Boll), Kudorella emarginata (Kr.), Campy laspis glabra, (t. 0. Sars, Coni^ 
lera cyUndracea (Mont.), Lysiamissa ccratina, A. 0. AValker, Tryphosa 
lloringii, Boeck, Socarnes erythrophthalmus, Robertson, Jlippomedon dentU 
eulatus (Bate), Meiaplioxus fultoni (Scott), Neoplmstes assimilis (G. 0. Sars), 
Maera temtimana (Bate), Gammarus duebeni, Lillj., Jassa pasilla (G. 0. 
Sars), and Corophimn honelUi, M. Edw’.** 

A specimen of Mimida bamffica, dredged in the Minch, showed on one side 
the sw^ollen carapace indicative of a Bopj’^rid parasite. Mr. T. H. Stelihing 
has kindly examined the specimen for me, and finds that the cavity^ contains 
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only the small male of a species of Pseudiom. The Mnuida^ we find, is also 
infested bv a Rhizoceph.alan parasite, the Trianynhis munidw of Geoffrey 
Smith * — probably a new record for the British fauna. 

(7) Miss L. 11. Thornely, who has examined and identified the Polyzoa 
collected on the cruise, reports to me a list of 52 species, some of which 
are of consideriiblo interest — one (Mvcrimclla ahyt^idvola) havinj^ V)een 
previously recorded from the Shetland Seas only. Our specimen was 
obtained from the Minch, off the w'est coast of Skye. I,epral\a polita and 
Jdrnonea atlantica ar(^ also worlliy of note. 

(8) Knowing that Mr. E. Jleron-Allen and Mr. A.Earland were engaged 
on a ‘ Monograph of tlie British Foraiiiinifera/ it occurred to me when 
arranging the work of this cruise, that sam}»h‘s of our ilredged de[)osits might, 
possibly fill some gaps in their list of localities. 

Mr. Heron«Allen snpj)lied us with tw'o dozen canvas l)ags which wore duh 
filled witli fair samples of the unwashed mud, sand, or other mabuial as it 
was emptied from the dredge on to the deck. 

These samples are now being examined, and Messrs. lleron-AJlen and 
Earland rei)ort as follows in regard to tliem : — 

“ It has been a matter of great satisfaction to ns that w^c have hec^n 
entrusted wdih this series of samples. Ajairt from any inlrinsic merit or 
interest which they possess in themselves, they gnjally enrich, tind fill 
gaps in, the collection of material already at our dispo*<al from theses seas, 
linking up as they do tlu^ (ioldseeker ^ <lrodgings wiih the work of 
Messrs. Balkwill and Millett in the Galway District, our own in the Clare 
Island District, and tliat of Mr. G. Wright on the ‘ Hclgu ’ and otli(‘r 
dredgings off the west and south-west of Ireland. 

“So far, four bags of material have been examined, wdth results at onc(^ 
satisfactory and surprising. Indeed, whether the material is a shore-sand or 
a dredged mud, Miss (.Catherine Herdmaii, to whom w»e understand we owe the 
collection of the samples, seems to have displayed an unerring instinct for 
those muds and sands which were exceptionally rich in quantity of specimens 
and quality of species. 

“In Sample No. 1 (At anchor, Lowlandman^s Bay, Jura, 5 fms.), in addition 
to a scries of 20 species of the genus Lagena^ we have‘found the family of 
the Textularidse very finely represented, the otherwise dominant form being a 
robust and highly papillate Rotalia of the heccarii type, attiiining remarkable 
dimensions in enoruv>us quantities. The Station yielded 89 species. 

“Sample No. 2 (Dredging, Sound of Mull, 20 fms.), which reached us as a 
cake of hard black mud, 254 c.c. in bulk, became on the sieve 5 c.c. of tine 
material, which yielded 107, species. Tlie dominant feature of the dredging 

• This specimen has since been examined by Mr. Geoffrey Smith, who finds that this 
fresh material enables him to correct the description in his Naples Monograph and to show 
that these parasites of Munida should be included in the genus LenmodiseWf the other 
members of which are also parasitic on the Galatheidie. 
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was the prosonce of many hundreds of the rare species Ainmodiscus charoid^.% 
Jones & Parker sp. Ainony the 30 species of Lagenidfc, were line sptjci- 
inens of Atodosaria fdifornus, d’Orbigii}", iV. rertebralis^ Butsch sp., and 
uV, roemeriana, Neiigcborer, and Stvjrwa nodom, Parker & Jomvs. 

Sample ^o, 3 (Dredging, Shell Bank, off Ardnainurchan, 20 fins.), was 
a large bag (2335 e.e.) of tine and coarse clean brown shell debris which 
yielded 128 s])ecie.‘», many being represented by relatively gigantic spe(‘iinens, 
e. g., V<fffiHulufa loifumen^ Linm? sp., PoUpnorphina (jibba^ d\)rbigny, and 
J\ sororia, Beuss (both highly tistiiIo.se), and Pnlvinidlna repanda^ Kiclitel 
& Moll sp. attaining sizes of 1-3 mm. The sample yi(dd(‘(l also (^rltlihnnna 
mandHa^ does, Peoplta.v /ukIpus^ Parker sp., and P, inonilifitruu'^ Siildall, 
Ijiujemi onuifa, Williamson, L, Mil left, and remarkable specimens of 

L. niargimda, Walker & Boys sp., Gijpdua veaindaris, Parker it Jones sj)., 
and many otlier rar<‘ spiuues. 

“Sample No. *1 (Dredging, Loch Siinart, 20 fins.), is not yet eomphdidy 
worked out, but. lia.^ ali*(‘ady yielded 14.0 s})ecies, including Frondivularia 
,yHttlnd(((<(, P>ra(ly, and Ihilhnitut snhtereny Brady, from a block of harJi gre^y 
mild of 4000 e.e, bulk. The dominant forms are .vraAavX Batscli, 

and J\ onion! mi 'ninbdicat nla^ jMontagii s]>., with a very complcti^ serii»s of 
Bulimina^ showing t‘veiy gradation from B, olepan,s^ d’Orbigny, tbroiigli 
7i. pn])oide>ij d'Orl)., and />\ marpinafu, d’Orb,, to B, andi^ufa^ J’Orb. 

“So far as v;e have been aide to clean tlio material, ihe shore-sands 
promise to give results not less rich than the dredgings we have already 
examined, and we hope, in the near future, to contribute to Prof. Henlrnan’s 
S(*ries of ^ Spolia Buniana^ a paper on this very remarkable series of 
gatherings.'* 

Mr. H(U*oii-Allen has very kindly .sent me a list of tli(‘, 251) species of 
Poraminifera which he and Mr. Earland have found in the four sairi[)Ies 
which they have iifi to now examined. But I do not include the list here, as 
it is probable that the remaining 20 hags wull add materially to the record 
which 1 hope they will publish in full when the work is eomjileied. 

II. Funicultna quadrangulakts (Pal fa a). 

At the end of the statement w'hich T made last year in regard to the limited 
distribution of this magnificent Peimatulid, I ventured to add : “ I do not 
doubt tliat other localities will yet be discovered on the West Coast of Scotland 
containing virgin forests of this largest and stateliest of the British (Joehm- 
terata.’^ In this year’s work we have added four localities to those jjreviously 
known, viz. ; (1) Loch Sunart, near the mouth, opposite Tobermory, 22 
fathoms ; (2) Loch Nevis, t ;0 the east of Tarbet Bay, 30 to 40 fatlioms ; 
(3) lioch Hourn, off Piper Island, 20 fathoms, and also further up near the 
narrows ; (4) Loch Shell, in Harris, 25 to 30 fathoms — in all cjyies from 
a muddy bottom. The original locality, near Oban, between the islands of 
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Kerrera and Lismore, in the Firth of Lorn, is, however, the spot where this 
{riant sea-pen ” seems to live in greatest abundance and to attain to the 
largest size (62 inches is still iny greatest recorded length of colony). It is 
pretty clear now that Funicvlina quadrangularis is widely distributed in the 
more sheltered sea-lochs of Scotland, at depths of about 20 fathoms and 
upwards and always embedded in a bottom of stiff mud. 

The abundance of Funiculina material we obtained in the Firth of Lorn 
this year, enabled us to keep some alive, under observation, in baths and 
basins on deck, and to record the colours in the living expanded condition and 
also the phenomena of its “ phosphorescence.’’ Professor Newstead photo- 
graphed for me some colonies, living in a long tube of sea-water, wdiere the 
polypes had expanded to a length of nearly an inch (see PI. 19 . fig. 1). 

In regard to the “ i)hosphorescence ” or luminosity, we were able to 
watch the colour and distribution of the light emitted both (1) when observed 
freshly dredged (a very few minutes after being taken from the sea) in an 
excellent make-shift dark-room — the lazaretto of the yacht ; and also (2) 
some hours afterwards, lying in their basins of sea-water on the deck at 
midnight. Tn the two cases the phenomena were the same, and it was 
noticed that the distribution of the light is ejuite different from that in the 
bettor-known Fennatnla plwsphorea. In the lattet form the light appesirs 
to be restricted to the polypes. Jhave not been able to excite any luminosity 
in the stem portion of ,the Ponnatula colony, but illumination of the polyf)es 
is very general and beautiful — more general and more lasting than the 
luminosity of that part of the colony in FtmievUna, 

In Fumctflina tinadrangulartSf however, while there are many distinct 
sparkles scattci’cd over the polype-bearing part of the colony (corresponding, 
no doubt, to the individual polypes), the long, bare lower part of the stem, 
9 inches to a foot in length, wlien gently stroked in the dark glows with a 
continuous sheet of light of (it seemed to me) a pale green f colour which 
flickers or j)iilsates like a lambent flame. The light on this bare part of the 
colony is certainly more intense than that of the poly])es, and is, 1 think, 
the most brilliant “ jdvosiihorescenco ” I have seen in any nuirin<3 animal. 

During the cruise a letter w^as received from Professor Hickson asking 
me if T found the allied smaller sea-pen, Virgnlaria mirabilu^ to determine, 
if possible, whetlMM* that form was phosphorescent and could sting. As both 
of the other British Pennatulids, Funiculina and Pennatula, had been 
exhibiting a brilliipit display of light, I fully expected to find the Virgnlaria 
w^as also luminous ; and was therefore rather astonished, when we did 
dredge a eouph? of colonies of K mirabilis in Loch Nevis, to notice that, 
although stinnilated in various ways in the daVk, not the slightest trace of 

♦ Sir Wyvilk Thomson records having dredged it in abundance in the Sound of Kaasay 
from a depth of 300 fathoms, on the ^ Porcupine * Expedition, 

t Wyville Thomson in ‘ l>epths of the Sea ’ refers to the “ lilac phosphorescence ” of 
IkmuMna, 
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light was visible ; while smnll Funiculina colonies, dredged at the same time 
and treated in the same way, were phosphorescing freely. I did not notice 
any stinging or numbing effect in handling any of the above-mentioned 
three species of Pennatulids. 

The colour notes which I made from the living FtfrncuJina are as 
follows : — The stem of the colony is pale yellow to ivory-white in tint, quite 
opaque in the centre and translucent along the edges. In an expanded 
polype, measuring about three-quarters of an inch in its free part, the lower 
half inch or so is translucent and of a greyish colour. The upper, or distal^ 
quarter inch, where the stomodfeum and the mesenterial filaments show 
through, varies from an opaque yellow to an orange-red — the stomodseum 
being the yellower part and the mesenterial hlameiits the rodder. The 
expanded tentacles are of a delicate pinkish white, and the edge of the 
mouth is marked by a narrow line of opaque yellows The blending of these 
colours, when seen at a little dishince, gives the general orange-pink effect 
which is characteristic of the expanded polype fresh from the sea. 

In a colony a little over three feet in length (say one metre) the largest 
polypes, when fully expanded, measured about J of an inch in the length 
of their free part projecting above the stem (see IMate 19 . fig. 1). The 
spiral arrangement of the polypes upon the stem is very evident in the 
living colony. 

This abundant fresh FuniniUna material has enabled us to fill a gap in 
the knowledge of its minute structure. The Marshalls, in 1882, were 
nnahle to find in their Oban specimens any trace of the male gonads, and 
the male Faniculhta has remained uinlescrihed to the present day. Miss H. 
Muriel Duvall, B.Sc., a post-graduate worker in my laboratory, has been 
(‘xaniining with mo some of the fresh Ftmiculina material plunged living 
into 10 j)er cent, solution of formalin in sea-water, and wo have been 
fortunate enough, after some searching, to find the missing male gonads. 
They were found first in a moderate-sized colony of a much pahu* colour 
(in formol solution) than the pinker ones in which we were finding the 
mature icmale gonads. 

The male gonads of Ftmindina are of much the same appearance and 
structure as those of Pennaiffla. They arc globular masses (spennosplieres) 
of rather smaller size than the mature ova, and consist of an external 
cellular capsule, a distinct structureless membrane (mesogltea), and a central 
mass of small nucleated colls which evidently, as the gonads mature, increase 
greatly in number and become radially fusiform, and are then packed 
together in masses running inwards from the wall towards a central space. 
Out of seven colonies we have now examined, three were male and lour 
female, the males being ratlier the smaller and so distinctly paler in colour 
that, after seeing the first one. Miss Duvall successfully predicted which of 
the remaining colonies w^ould prove to be male. ^ 



37i) 


PROK W. A. HERDMAN ON 


III. DiAZONA VIOLAOBA, Sarigm/, 

1 have this year been extraonliuarily fortunate in obtaining abundance 
of material of this remarkable species. Previous to iny record of last year, 
I lielievo only two specimens were known from Hebridean Seas — the one 
described by Forlx^s and Goodsir in 1851 as SgntHhys hebridlcm^^ and the 
colony which 1 noted in 1891 ^ as having been dredged by the late Duke of 
Argyll, north of Mull, iji 1885. Last year I found one good colony off 
Barra Head in the Outer H<d>rides, and a few small fragments from tlm 
East Shiant Bank in the North Minch. This year I dredged over 30 colonies 
— most of them from a bank in the Inner Sound, north of the Croulin 
Islands j, at a (h^[>th of about 30 fathoms, but some off the West coast of 
Skye across the mouth of Loch Snizzort, outside the Ascrib Islands, from 
30 to 40 fathoms. 

At the Meeting of tlu' British Association at Birmingham last September. 
I exhibited to the S(‘dion of Zoology two large museum jars, the one con- 
taining several bright violet colonies of JHazona preserved in alcohol, wlnle 
the other hud an eijual number of colonies preserved in a solution of fonnol 
and still showing distinctly tlie green colour of the living animal. The 
contrast in apj)earance between the two jars was most marked, and was due 
merely to th(j method of preservation, all the colonies having been equally 
green when placed alive in their respective fluids. In the discussion, 1 was 
then asked the question — What will be the rt^sult if you now put one of the 
green formol-j^reserved specimens into alcohol ? I am now able to answer 
that question as follows ; — 

On September 24th I wuslied one of the colonies from the green jar in 
running fresh water for a couple of hours, to remove the formol from the 
surface, anti placed it in absolute alcohol at 5.40 P.M, 

Up to 6.0 P.M. no change was visible. 

September 25th, 9.30 A.M., the alcohol was tinged with green and the 
colony looked j)alcr. 

September 2(>th — the alcohol was much greener. 

October 2nd — handed the green alcohol over to Dr. A. Holt for chemical 
examination, and transferred the colony, now of a pale j^reen colour, nearly 
colourless in ])Iaccs, and of crystalline appearance on the surface, to a jar of 
new colourless alcohol. 

October 3rd — the alcohol beginning to be green. 

October ith — fluid still greener ; colony seems colourless on surface. 

November 4th — there has been no further change for some weeks. The 

♦ Ann. k Mag. Nat. Hist, for August 1891 (ser. 8, vol, vi.), p. 165, 

+ This is probably tbe same spot from which Forbes and Goodsir, when on Mr. R. 
McAndrew's yacht in 1851, dredged the first-described specimen of " SyntethyBy 
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fluid is distinctly yellow-green. The colony when taken out of the alcohol 
is now of a light yellowish-grey tint, but has very litth^ colour. No violet 
has api)eared in any part. 

It seems, then, that the change from green to viohit, as the result of 
prescrvalion in alcohol, can only bo effected in the case of the living, or at 
least unKxed, animal ; and that the specimen which has boon pn'served in 
formol, although it will still give out a green colour when treated with 
alcohol, does not become violet. 

A further new })oint 1 have now to state, in connection with the colour- 
(dianges of this Ascidian, is that even the living colony exposed in a vesscd 
of sea-waler to bright sunlight for a few days changes its colour to a notable 
degree, and may even develop a certain amount of violet or blue coloration 
on the surface of the colony. The ahuiidanco of material obtained off the 
(Iroulin Islands enabled me, after preserving some specimens in a tank of 
spirit (tliese became violet at once), and others in a jar of 10 per cent, 
formol (tliese remained green), to allow others to remain alive in basins of 
sea-wal^'r on dock undiM* observation. 

Tlie first change noted was that the green Hebridean Diazona bec^omes 
distinctly greener during the first hour or so of exposure to sunlight. Wlnui 
brought up fresh from a depth of 20 or .‘iO fathoms the colony is of a 
delicate grey-green colour and has a gelatinous translucent appearance. 
Hut the gn‘en soon l)(‘comes more vivid and opaque, and tlui colony is then 
more solid in ap])earance. The green, after the lapse of some hours, th(‘n 
changes gradually from a yellow-green to a still more opaque and darker 
gre<*n, and then to a blue-green. After two or throe days’ exposun* to liglit 
(the s(*a-water in the liasins was frequently renewed during these obser- 
vations) the colour of the colony round its margins, and cs[>ccially in 11 
upper parts of the test occupied by the ascidiozooids, became distinctly 
bluish, bluish violet, or slate-blue, usually very much of the tint of freshly 
spilt “Stepliens’s l)lue-black” ink — and in this condition it remained. 
Some of the colonies after a few days further captivity, were evidentlv 
<!ea<l or moribund; the others wo preserved in the tank of spirit, and th<*y 
are now all violet in colour like the rest. 

Up to the last, however, the change in colour is only superficial, affecting 
at the most the outer quarter to hall inch in thickness of the test. Similarly, 
the cluinge to violet in the case of specimens preserved in alcohol, deep and 
opaque though the colour may seem, affects only the surface-layer of the 
test. Even now, after some months j)re8ervation in several <;haiiges of 
sjurit, if a colony bo cut open the centre is found to be of a vivid gre(*n 
colour ; and it is interesting to notice that that green is now })ermanent, 
even when exposed to clean alcohol. Apparently the change to \iolet only 
takes place in the case of the fresh specimen taken from sea-water and 
placed in spirit. % 
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As specimen after specimen of the living ascidian went through the same 
series of colour-changes before our eyes this summer, it is probable that we 
have seen all that can be determined from observation of the living animal, 
and that any further investigation of the pigmentation must be undertaken 
by the chemist in the laboratory. 

Dr. Alfred Holt, of the Physical Chemistry department of the University 
of Liverpool, has kindly undertaken to investigate the pigment or pigments 
of these Hebridean colonies of Dxazmxa from the chemical point of view. He 
reports to me as follows on his investigation so far : — 

“Animal investigated was purple outside, but yellow-green inside. The 
purple and yellow-green portions were investigated separately. 

“ (1) Purple part . — Cut up into small fragments or ground with sand 
^ind then extracted in a Soxhlet with absolute alcohol, the colour gradually 
passed into solution. The solution thus obtained was bluish green in colour, 
<juite distinct from the colour of the inner part of the animal or from tlie 
alcoholic solution obtained from the fresh animal on capture. This blue- 
green solution on evaporation at a low temperature (below 100° t\) gave 
a small residue which by transmitted light had no decided colour, hut by 
reflected light was purple, identical in colour with that of the animal. Tlu^ 
<;olour was soluble again in alcohol or zylene, solution taking a long time. 
The zylene extract had a more pronounced blue tint tlmn that in alcohol. 

“ The addition of alkali to the blue-green solution changed the colour to 
a greenish yellow. 

“ (2) Green part . — The colouring matter of the inner green part vfas v(My 
-easily soluble in alcohol to a green solution, the colour of wdiich w^as, 
howwer, far more yellow than that of the purple part. On evaporation at 
low temperature this yellow-green solution yielded a green residue, not 
purple, and was again easily soluble in alcohol. The addition of alkali did 
not materially change its colour. 

“ The green parts of the animal did not go purple in alcohol. The fresh 
animal preserved in formaldehyde maintained its green colour, and this was 
readily and completely soluble in alcohol. 

“Acid ha<l no marked effect, nor acid nor alkaline hydrogen peroxide 
in dilute solution, 

“ From the absorption spectrum and general characters it would seeui 
that the pigment in the purple portion is very similar to that obtained by 
Friedlander from ^uvejc brandaris^ and which was subsequently shown 
fay Inm to be an indigo derivative. If this be so, then the yellow-green 
colour of the alcoholic solution from the inner (not purple) portion of the 
animal can scarcely be duia to this pigment. Microscopic examination of 
this part shows numerous globules containing what looks like a yellow oil, 
and it is probably the solution of this oil that gives the yellow-gr -en colour 
to the alcohol. The particular shade of tint may vary, depending on the 
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amount of the blue purple (indigo?) dissolved in the yellow oil, and so 
producing a greenish shade. Attempts are at present being made to 
extract the colouring matter by Friedltinder^s method and so prove its 
chemiciil nature/^ 

Dr. Holt proposes to puldish a paper later on his chemical investigation 
of these pigment changes. 

The fresh material has enabled me to make some further observations on 
the arrangement of the ascidiozooids as seen in the living and expanded 
colony. It is clear that, in some colonies at least, the ascidiozooids are not 
placed evenly over the whole of the upper surface, nor are they scattered 
irregularly, but are arranged in definite rows or groups with meandering 
branching paths of smooth depressed test between. So that, looking at the 
fop of the expanded colony from above, one sees certain bare areas of test, 
as shown in Plate 19 . fig. 2. In all probability this grouping of the ascidio- 
zooids is the result of lines of budding in the growth of the young colony. 
In Alder and Hancock’s ‘British Tunicata^* the arrangement of the 
ascidiozooids is described as “ forming a single, irregular, or very indis- 
tinctly concentric system ; but there is no reason to regard this as forming 
ii single “ system,” and the arrangement is certainly not concentric. 

In fig. IJ, I show the arrangement of the “ocelli” or pigment spots in 
relation to the branchial and atrial siphons and also the lines of snow-white 
pigmentation on tlie thorax, as these structures are not represented correctly 
in Forbes and Goodsir's figures. There are six ocelli at the atrial aperture 
and none at the branchial, but a circle of white pigment spots surrounds the 
base of the branchial sijdion, a short row of dots runs from this in the inedio- 
<lorsal line fo the nerve ganglion, a double lino of white pigment hounds the 
endostyle along the ventral margin of the branchial sac, and two parallel 
white bands run along the dorsal (»dge of the thorax, terminating anteriorly 
in a single row of white dots facing that of the ganglion on the o})posite side 
of the atrial si[)hon (see fig. 3). Each siphon terminates in six lobes. 

IV. Thk Systematic Position of Forjbesella tessellata (Forbes) . 

This West Coast species was first described by Forbes in 1848 f as Cipithia 
tessellata, Forbes’s specimens were dredged by McAndrew in Mounts Bay, 
Cornwall, from 2o fathoms, and the species has since been found in deep 
water at several localities round the South and West coasts. In 1891, from 
the examination of some specimens dredged ofi’ tlie west of the Isle of Man, 1 
drew attention to the fact that this species seemed to occupy an irit^nnediato 
position between the subfamilies Cynthiime and Styelinae, agreeing with the 
former in the compound tentacles and with the latter in having only four 


* Edited by Hopkinson, Ray Soc., vol. ii. 1907, p. 159. 
t British Mollusca, vol. i. p. 88. 
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I'olds on each side of the branchial sac. In iny “ Hevised Classification of 
the Tnnicata/’ read before this Society in February 1891 I therelbre placed 
the sp<‘cies in a separate genus, Forhesella ; and in 1893 1 1 redescribed and 
figured it in more detail. In 1892 Lacaze-Duthiers and l)(;lagej, from the 
examination of specimens found otf the coast of Brittany, quite independently 
came to the same coiudusions as my own, and hiid proposed to form for tlic 
reception of this species a new genus ^^Forhesia ^* * * § ; but on receiving my paj)(*r 
of 1891 they acccj)ted the generic name Forhesella thero-in defined. 

More recently Hartmeyer, in the new edition of Bronn*s “ Tier-Iteiclis,’^ 
1909, p. 1335, places both Forhesella and Forhesia as synonyms of his genus 
Ftfura^ the modern equivalent of Cynthia. Ilis defence for so doing is 
that what seem the two most notable characteristics of Forhesella tessellata^ 
namely, the tessellated or plate-like condition of the tes^t and the small 
numb(*r of folds in the branchial sac, are both characters that are found in 
other species whicli he brings under his eoniprehensive genus Fyura, Tt 
may be remarked, however, that even on his own showing tlie combination 
of these two characters is not found in any other species ; bid, apart from 
that, it is quite questionable whether species showing such a small number of 
folds in the branchial sac ought to be placed in Fynra {:=iCf/nfhia), In his 
discussion of the matter Hartmeyer slates that iwo or possibly three sj)ecies 
show five folds on each side, and that one {Pyvra stuhenravchi\ Meicliaelsoii) 
has on each side only four folds. The species that have five folds on each side 
I would regard as undoubtedly membe^rs of the genus Fyimi or Cynthia^ hut 
the species with only four folds, if the existence of that character as a normal 
condition is established, 1 would unite with the species tessellata in the genus 
Forhesella, The spc(aes Cynthia sfuhenranchi of Michaelseat § was describ(‘d 
from a single preserved specimen brought home from the Straits of Magellan. 
In such a case it is of course quite possible tliat the single specimen examined 
was an abnormal individual, and I doubt whether on such evidence we are 
justified in making the proposed change in our classification. 

I make a considerable distinction between the presence of eight folds and 
of ten. Four folds on each side is a well-marked character of the subfamily 
Styeliiuc (according to some authors the family Styelidse]), while the Cynthias 
have a variable number of folds, from five on each side U{)wards. In dis- 
cussing such matters of classification one must look at the problem from ih<‘ 
standpoint of ])hylogeny. The ancestral Styelina^ and Cynthiina3 diverged 
presumably when their common ancestors had four folds on each side of the 
branchial sac, and thereafter the Btyelas seem to have fixed the character of 

• Jouni. Liim. Soc., Zool. vol. xxiii. p, 558. 

t Journ. Lina. Soc., Zool. vol. xxiv. p. 451. 

X M6m. Acad. Sci. lust. France, t. xlv. No. 1, p. 137. 

§ Zoologrica, Bd. xxxi. p. 302 : Stuttgart, 1900. 



SYSTEMATIC POfllTIOK OF FORBESELLA TESSBLLATA. 


281 


four folds ill their line of descent, whereas the Oynthias acquired a greater 
imnibor. In addition th(‘re is the further characteristic derived from the 
condition of the tentacles, which remained simple in Styelids and became 
compound in the Cynthiidae. In my opinion, then, wo are justified in con- 
sidering that a species which presents us with only four folds on each side 
must be excluded iVom the genus Cyuthui or Pyiira ; but as it has compound 
tentacles it must equally be (excluded from the genus Siyela. Therefore I 
would place both Forbes\s tesspllata and Michaelson^s stubenrauchi^ if the latter 
has undoubtedly not more than eight folds, together in the genus Forhesella^ 
occupying an intermediate position between Styela and Cynthia^ and repre- 
senting an early offshoot from the ancestral Oynthiids after they had attained 
compound tentacles, but before the number of folds in the branchial sac had 
inci’easod beyond a total of eight. 

I have now before me a scries of specimens of Forheaella tessellata^ obtained 
during the cruise of the ‘ liuiia,^ from five localities on the west of Scotland, 
viz. : — 

(1) Loch Sunart, 20 fathoms. 

(2) Off Island of Oanna, 00 fathoms. 

(3) South of Nelst Point, Skye, 42 fathoms. 

(4) Off. the CrouHn Islands, 30 fathoms. 

(5) Inner Sound north of Croulins, 50 fathoms. 

This series ilemonstrates clearly the very definite nature of the flat plates 
or scales into which the test is modified, and which are much more perfect 
and regular than tli(» rougli tubercles or surlace ehwations found in some 
species of Cyathia. 1 give (PI. 19. fig. 4) a tracing with the “Edinger^^ 
drawing-apparatus to show the very definite polygonal shapes and arrange- 
ment of those y)lates from one of my H<‘bridcan spoeimeiis. 

The internal structure of these northern individuals agrees, so far as 1 have 
examined it, very closely with that of specimens from tlie Isle of Man. The 
branchial sac again, as in the former specimens, shows some variations ; but 
ill all cases the folds never exceed four on each side, which, taken along with 
the compound tentacles, in my opinion places this curious little form in an 
intermediate position between Cynthia and Styela and entitles it to rank as a 
distinct genus, Forhesella^ in the subfamily Oynthiinse. 

V. Variation in Ascidia. 

The large specimens of Ascidia mentulay Mull., and Ascidia venosay Mull., 
which came up in the dredge on various occasions suggested to me that it 
riiight be useful to examine the individual variation in some of the internal 
organs which are usually described among the specific characters of these 
two well-marked species. 

LINK. JOUBN. — ZOOLOGY, VOL. ZZXn. 


24 



282 


PKOF. W. A. HEBDMAN ON 


Ascidia mentula and A. venosa"^ are easily distinguished by their external 
appearance. Amongst more than a hundred specimens collected and pre- 
served there was not a single doubtful case. Although individuals vary to 
some extent, especnally in A, mentula^ still every specimen can at a glance 
be referred to one or the other species. 

I had removed a number of the freshly-dredged specimens of both species 
from their tests, thinking that this would ensure better pn^servation ; but 
examination oE the material now shows that this was a mistake, as these 
skinned’^ specimens are so contracted and distorted as to be much less 
suitable for investigation than those specimens where the tost was left as a 
support to the more delicate tissues within. 

We t picked out ten well-preserved specimens of each species and made 
microscope preparations of the wall of the branchial sac, of tlie entire series 
of branchial tentacles, and of the dorsal tubercles, with ihe following 
results : — The specimens of Ascidia wetHula ranged in length (antero- 
posterior) from 12 to 16 cm. The tentacles were found to vary in number 
from 39 to 103, and the number seems to bear no relation to the size of the 
body, since the individual with only 39 was actually larger than the one with 
103 tentacles. The most usual number for the tentacles is from 60 to 90 J. 
The tentacles are always of more than one size§, ond usually three distinct 
sizes or orders are present. The i)roportion of those of the first (largest) 
order to the rest varies from one-ninth to one-half — one-third || being the 
proportion most frequently found. As Jismlia mentula usually lies attiiched 
with tho left side downwards, it would not be surprising to find that some of 
the apparent irregularities in size and position of the tentacles bore some 
definite relation to tho two sides of the body, but no such relation exists. In 
some specimens it is the right and in others it is 'the left side that has the 
largest or the greatest number of tentacles. One individual examined had 
4 tentacles of the first order on the right side and 3 on the left, while 
another with 4 timtacles on the right side had no less than 11 on the lel t. 
There is a considerable range of individual variation in ihe spacing of the 
tentacles, which may be densely crowded (PI. 19 . fig. 7) or sparsely scattered 
(fig. 5), or show intermediate gradations. Figures 5 and 6 show the 

• We are not at the moment concerned with the question whether or not it is convenient 
to separate venosa in an independent genus Ascidiellu, 
t Miss II. M. Duvall, B.Sc., a post-graduate w^orker in my laboratory, has kindly assisted 
me in this investigatipn. 

\ In the L. M. B. C. Memoir on “Ascidia’' I find that, as the result of a number of 
specimens examined, t then gave the number characteristic of the species as being from 
70 to 100. 

J In Aider and Hancock’s ‘‘WiUeh TunicaUi,' vol. i. (1006), under Ascidia v^eniulaf we 
are told on p. 76 that the “ tentacular filaments” are of “ equal length,” while on p. 79 they 
are said to “ vary ronsidorably in size.” The latter is tbe more correct statement. 

J| This agrees with what is stated in the L. M. B. 0 . Memoir. 
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extremes found in one and the same individual : in these examples the 
tentacles are in the proportion of 4 to 9 in a given space. We are of 
opinion, ho v’ ever, that the unequal crowding of the tentacles in places is 
due in part to unequal contraction of the sphincter muscles. Consequently, 
individuals probably do not differ so much from one another as might be 
supposed, and authors in describing the condition of the tentacles would do 
well to take the stal^ oi* contraction of the sphincters into consideration. 
The apparent crowding on the dorsal and ventral edges which is sometimes 
seen is mainly due to muscular contraction. 

Calling the tentacles of the first, second, and third orders 1, 2, and 3, the 
normal scheme of arrangement in Ascidia menhda is : — 1, 3, 2, 3, 1 (see 
fig. 8) ; but there is much individual variation; the third order of tentacles 
is especially variable, and in places where they are crowded those of the 
third order are liable to be squeezed out and the remaining tentacles then 
appear more equal in size. 

The s})ecimons of Aandiu cenosa examined ranged from 7 to 11 cm., and 
the tentacles varied in number from 38 to 74 — the most usual number being 
from 40 to 50. in this species also there seems to he no correlation between 
the number of tentacles and tlio size ([irobably =age) of the individual. The 
average pro])ortion of* the largest tentacles to the rest is one-half. Here, 
again, as in A, mentitla^ there is no correlation between tho arrangement of 
the tentacles and the right and left sides of the body. 

In making a comparison between A. venom (fig. 9) and A. mentula 
(figs. 5 to 8), we find that the tentacles in tlie former are more slender, 
liave a smaller range in number, and show less variation in size and 
arrangement and spacing, and any crowding noticed seems to be due to 
muscular contraction. 

Turning now to the Dorsal Tubercle in the same specimens of these two 
species, we find that it is distinctly smaller in A, venosa than in A. mentula. 
The typical form in A. mentula is a horseshoe shape with the two free ends, or 
‘‘ horns, turned in the same direction, say to the right side, so that the right- 
hand horn turns outwards and the left inwards. The commoner variations 
are that both horns may turn to the left side, or both turn inwards, or one 
turn inwards and the other remain straight or nearly so. Out of the ten 
dorsal tubercles examined, six have at least one horn turned to the right. 

In Ascidia venosa the typical form is a deep U-shape. Out of the ten 
specimens examined eight are simply U-shaped, and two have one horn turned 
inwards. 

Finally, we examined the condition of the branchial sac in the same two 
iSeries of individuals. In comparing branchial sacs it is desirable to examine 
pieces taken from corresponding parts of the wall ; and, in fact, the samples 
we have made use of were all cut out from the centre of the right-hai^d wall 
about the middle of its length. 


24 * 
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, In A. mentula the usual . characters of the branchial sac soom to be as 
follows ; — There is well-marked “plication” of the wall, intermediate papillse 
are always present on the internal bars halfway between the transverse 
vessels, the stigmata are wide and short and vary from 5 to 16 in a mesh— 
the usual numbers being from 1) to 12. 

venosa the plication of the wall is much less marked, there are no 
intermediate papilla? (except occasionally where a range of stigmata is in 
process of dividing into two— and in that case the papilla? are not really 
“intermediate^^ as they will eventually be at the angles of meshes), the 
stigmata are longer and narrower and more regular, and vary in number 
from 7 to 15 in a mesh, the usual numbers being, from b to 12, 

If we now attempt to draw some conclusions from these studies of the 
variatipn of the internal organs which are considered of most importance in 
defining the species, they must be to this effect : — Ascidia mcmiula and 
A. venosa can always be easily distinguished from one another by the external 
appearance eitlier alive? or when preserved. They may .also be readily 
distinguished when stripped of the test. In the hundred or more specimens 
.lyjiichiwe have just ])assed through our hands there has pever been the least 
4pnbt ap to which species each individual belonged to. Of the two, A. mentvla 
is l^epnore variable. Then, again, when examining the microscopic anatomy 
of the internal organs, such as the branchial sac, there is a general facies 
which is found to be characteristic of the organ in each (»f the species and 
which in most cases enables one , to name tJio species (jorrectly. But it is 
important to note that in these organs the range of individual variation in 
what are usually regarded as specific characters may, as we have seen, be 
very wide, and the extremes of t^ie one species may reach to or oven overlap 
Ihose of the other. Consequently, it might be difficult iii the case of a given, 
preparation : of an organ, say. branchial sac or ’tentacles, placed under l^e 
microscope to determine the species with certainty, but even in that case if 
the other internal organs are available for examination, from the combination 
pt characters there ought to be no difficulty in making a correct iden- 
tification* 

, These two species which I have chosen out first for the purpose of such a 
cpmparison of their characteristics are very distinct ^rom one another — so 
much so, in fact, that they are sometimes placed in separate but neighbouring 
genera, Anddia slxxA ^Ascidiella’^ . I afraid, when one comes to deal in 
this manner with they^rriatious in other pipre closely relat^, so-called species 
of Ascidia^ it will not prove such an easy matter to discriminate and define. 
There is no doubt that such investigations ought to be made whenever large 
series of individuals can be obtained, and I feel pretty sure that the, work 

^ Separated off mainly on account of the relative positions of the nerve-ganglion and the 
dorsal tubercle* 
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will resnlt in a considerable number oE the named and described British 
Ascidians being shown to have no existence as distinct species. That will 
probably be the fate of some of the supposed species described by Hancock, 
and by myself and others, from single specimens in some cases preserved in 
spirit and possibly distorted. These descriptions may have served a useful 
purpose at a certain stage in our knowledge of the group, but the names may 
eventually in the liglit of further study and comparison have to be removed 
from the list of valid species. 

I had hoped to have included in the f)resent study some further series of 
common forms of Ascidians which I had (iollocted from the ‘ Runa ^ for the 
purpose ; but other work has come in the way, and they must now be left 
over for some future occasion when 1 shall hope to publish the results in 
another part of Spolia Huniana.” 

EXPLANATION OF PLATE 19. 

Fig. 1. Funiculina qmdmngtUaris (I’allas), alive and expanded in a cylinder of sea-water — 
about half natural size. From a photograph. 

Fig. 2. Diazona molaceUy Sav., alive and expanded to show the arrangemeut of the ascidio- 
zooida ; reduced a little. 

Fig. 8. Anterior end of an ascidiozooid of Diazona molacea to show the arrangement of the 
lines of white pigment on the thorax. Enlarged. 

Fig. 4. Forbesella tesaellata (Forbes), upper surface of the test to show the plates. Enlarged. 
Figs 5 to 8. Ascidia mentula, Mull., showing variation in tentacles. 

Mg. 5. Sparsely scattered arrangement of tentacles. 

Fig. 6. More crowded condition found in another part of the same individual. 

Fig. 7, Densely crowded arrangement of tentacles. 

Fig. 8. The typical arrangoment of the tentacles in A, mmttda. 

Fig. 9. Tentacles of Amdia venosa, Miill. — Figs. 6 to 9 all enlarged ahout lO times. 
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J. Introduction. 

In classifying the different Orders of animals, zoologists have endeavoured to 
separate species and genera from one another by certain characters which 
are constant for a particular genus or species ; thus in Insects the form of 
the antennae and the venation of the wings has been largely used, in 
Id^olluscs the generative organs and nervous system. 

Many of the systems propounded by earlier writers have been discarded 
because the characters relied upon for this separation, have on further study, 
been found to vary greatly in individual species and therefore to be un- 
reliable. 

In the various attempts that have lieen made to classify and diagnose the 
different genera and species of Terrestrial Isopoda, students have laid 
particular stress at different times njiou the shape and form of almost every 
part of the external structure. 

Considerable reliance has of recent years been placed upon minute 
differences in the oral appendages, and the object of the present paper is to 
show that these particular appendages are liable to a large amount of 
variation in individual species, and are therefore characters of only minor 
importance as compared with the form of the head, antennae, telson, uropoda, 
mesosomatic segments, and thoracic appendages. 

Lereboullet (Compt. Bendus, 1849, xx. p. 346) stated that in his opinion 
the oral appendages are in no case available for characterizing the genera and 
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species, and Miers (4) was of a similar opinion. The late Dr. Baddo-Lund, 
however, whose ripe experience and wide acquaintance with the terrestrial 
species of this Order made his judgment so valuable, placed the greatest 
reliance upon these organs (1 & 2) . 

Restricting my remarks to the genera occurring in the British Isles, 
an examination of the oral appendages shows that in most of them the form 
of the mandibles and 1st and 2nd maxilhe are very similar, e.g.^ the two 
maxilla) in such widely separated forms as Oniscus asellus^ Linn., Fhiloscia 
muscorurn (Scopoli), Cylhiicus convexus (de Geer), and Arnmdillidium imlgare 
(Latreille) ; and linking these together, we have a largo series of Continental 
forms in the same genera, so that a perfect gradation can he shown to exist. 

Whilst working upon our British species, and also those of other countrii's, 
I have noted that there is a considerable amount of variation in the oral 
appendages according to the age of the specimen, and further, that oUum* 
variations occur, due, in all probability, to the nature of the food, environment, 
etc. This being so, it seemed desirable to examine a fairly large number of 
examples of representative species, and the results of)taino(l considerably 
lessen, in ray opinion, the value of these organs as characters for generic and 
specific distinction. 

The shape of the head, aniennm, the mesosomatic segments, the tclson, and 
uropoda I would regard as of primary value ; that of the thoracic appendages 
as of secondary, whilst the value of the abdominal and oral appendages as 
diagnostic features 1 believe to be very much Itfss. 

I have only arrived at this opinion after examining a considerable numlier 
of specimens of a fairly representative series of species. 


TI. Spbctbs Examinjsi). 

The species examincil and the number of examples and variations and the 
times they occurriHl are as follows: — 


Species. 

No. 

examined. 

! No. of 
: Variations. 

1 No. of times 
‘ occurred. 

1. Liga oeoanica, Linn 

36 

i 

7 

t 2. TricJtotmcus roHem (Koch) 

•i 

I i 

9 

\ 3. Oniscus aseUus^ Jjinn 

.1 112 

1 

! 13 

1 

39 

4. PorceUio scaber^ Lh.tr 

.1 88 

! 

22 

5. „ IcBvis, Latr. 

36 

1 

6 

6. Po^c4li(m%des pruimsns 

68 

4 

20 

7. Armadillidi/ani vulgare (Latr.) 

61 

1 

3 

8 


1 

1 

! 

33 

110 


Unless otherwise stated all the variations occurred ou4)oth sides of the body. 
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1. LlGlA OCEANICA, Lvin. (PL 20. tigS. 1-4:.) 

Tliirty-six sjieeiinpiis have been examined and four variations, i»n<^ in 
each of the oral appendages, have? been observed. The one in the mandibles 
occurred twice and on the right/ side of the body only in both cases, that in 
the first maxillae once, and thos<» in the second maxilhe and inaxillipedes each 
twice. The s[>eciinens examined were collected from two localities. 

The Mandibles, — The variation shown in fig. 1 occurred twice. In the 
curved form of t he teeth, it is quite distinct from the figure given by iSars (6) 
and a[>proach(*s most closely that given by Hewitt (3J. 

The Ls/ MayilUv, — The only variation noted was in a single specimen from 
St. Andrews (fig. 2) in which the setose bristles of the inner lobe were larger 
than usual and the short thick spines of tlie outer lobe reduced to two, the 
distal extremity of the lobe forming a knob-like process. 

V’Ac 2nd Ma^vUliV, — In two examples the terminal j)ortiou of the protopodite 
was ihickened and the two setosti bristles rather larger than usual, whilst 
externally the thi(*kening is ju’odm^ed into a tooth-like >pin<‘ (fig. .*1). 

The MaAllipedes, — In two examples the inner plate was found to have the 
spines uniisually well de><do})ed in addition to the greater length of those at 
the extreine distal end there were present four spines just below these 
(fig. 4, sp,). The Older palp was considerably longer fhan usual, and further 
differed from the normal in the number and length of the spines (fig. 4). 

2. Thithoniscus hoseus [Koch) Budde-Lxmd. (PI. 20. fig. 5.) 

Forty-eight specimens were examined of this interesting species, but only 
one variation was observed, which occurred in the mu\illi})edes of nine out 
of nineteen specimens collected at Hale, Cheshire. Tn these (tig. 5) the 
inaxillipedes were of a much more robust type than ordinary, and characterised 
by three well-defined sjiines on the outer distal palp, whilst the inner one 
terminated in a spinous manner as in typical examples of T. pnsillus^ Brandt. 

3. Oniscus asellus, Linn. (PL 20. figs. 6-16 ; PL 21. figs. 17, 18.) 

The oral appendages of one liundred and twelve specimens of this species 
were examined and thirteen variations were observed. Of these six occurred 
in the mandibles, three in the first maxillie, one in the second maxillae, and 
three in the inaxillipedes. The variations in tJie form of the mandibles would 
seem to be endless. The specimens examined were collected from three 
localities. 

The Mafidibles, — ^These are shown in figures 6-11. The first form (fig. 6) 
occurred in throe different specimeiis, qnOe on the right sideband twice on the 
left. In the general shape this variation differs from the typical form, Ixdng 
produced laterally in a triangular manner. There are three stout mandibular 
teeth and three smaller pointed teeth partially overlapping thes(j. The second 
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vfiriiition (fig. 7) occurred in lour diiferent specimens; twice it was paired and 
in the other two oases present on the right side only, Hci'o the mandibular 
teeth ap[)ear fused (or worn down ?), whilst below thesti there is a large, blunt, 
somewhat liammer-sliaped process. The thir«l variation (fig. 8j occurred five 
times, twice on the left side and three times paired. It is somewhat similar 
to the previous one (fig. 7), only the teeth are more produced and there is a 
large blunt spine on the outer face. The fourth variation (fig. 9) occurred in 
six specimens and paired in only one instance. There are two blunt 
mandihuhir teeth and a spinous process on the outer face w^hose base has 
coalesced with the lower division, forming a rounded boss. At the junction 
of the upper and lower processes there is a small palpiform structure bearing 
setose bristles. TIki fifth variation (fig. 10) was found twice, occurring once 
on the right side and once on the left. It differs from any of the others in 
tliat the upper jiroccss, which normally carries teeth, terminates in a blunt 
process, and the lower process, which has a notched teriniiial j>ortion, 
arises from the inneu* instead of the outer side. The sixth variation (fig. 11) 
occurred in tw'o examples and on both sides of the body. Here the lateral 
border was produced into a blunt flattened process. 

The Ist Maxilloe . — Three variations were noted in these appendages (flgs. 
12-14) ; with one exception they related to the number an<l disposition of the 
spines of both lobes. In one case (fig. 14) only the outer lobe varied. In the 
first case (fig. 12) the outer lobe w^as wider than usual and had two large and 
two small curved spines and throe shorter blunter ones, whilst the inner lobe 
tenninatod in two broad spines and two much shorter and smaller ones. In 
the next case (fig. 13) the siuiies of the outer lobe are the same in number but 
somewhat difl’erently disposed, and in addition there are two short blunt spines 
below those on the inner side. Tlie inner lobe terminates in a bifid manner. 
In the third case (fig. 14) tlnu’e are six curved spines on the outer lobe and 
four shorter poiufced ones. The inner lobe was normal, 

• The 2nd Mamllve . — One variation only was observed (fig. 15), the external 
distal portion being produced slightly into a tooth-like projection. 

The MaAllipedes, — Thr(»e variations were noted (figs. 16-18). Those 
indicated in figures 1(5 and 17 each occurred twice, and that in tig. 18 
three times. That shown in fig, 17 is interesting, exhibiting, as it does, 
a peculiar flat top of the inner palp with three minute spines, quite distinct 
from any variatiou noted in any other species; moreover, I know of no 
species of Terrestrial Isopod where the palp of the maxillipedes terminates 
in this manner. 

4. POROELLIO SOABER, Latr. (PI. 21 - figs. 19-25.) 

Eighty-eight specimens have been examined, and seven variations were 
noted. One of these occurred four times and another twice in the mandibles, 
three in the first muxilUe, and two in the maxillipedes. 
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The Mandihlesi, — The variation (fig. 19) shows the teeth of the mandible 
much more pointed than usual and a sharp curved spinous tooth arising from 
the insi(Je. Four cases were observed where these features were present. 
Figure 20 shows a further modification where the inner spinous tooth has 
come to the edge and fused, whilst the true bifid internal tooth is sjiinous. 

The 1«< Maxillce, — The peculiar variation shown in fig. 21 of the inner lobe 
occurred twice ; it exhibits ten spines at the distal extremity instead of the 
tiny single spine and tlie two setose bristles. In a second case (fig. 22) there 
were four spines at tlio distal extremity and five smaller ones on the inner 
margin. A third variation observed once involved both lobes of the maxillie, 
the outer lobe terminating distally in two large and one smaller spine, whilst 
the inner lobe terminated in a dense brush-like mass (fig. 211). 

I he Afaxillipedea, — Two well-defined variations were met with, one (fig. 24) 
occurring no fewer than eight times and the other (fig. 25) four times. The 
first is remarkable for the great development of spines both in number and 
size, whilst in the other case there is a corresponding absence. In both cases 
the form of the outer lobe approaches that which obtains in normal examples 
of Philoscia muscorum (Scopoli) and again in Forcellio rathkei^ lirandt. 

5. POROBLLIO LASVIS, Lair. (PI. 21 . fig. 26.) 

Thirty-six specimens were examined, but only one variation was found, 
wliich occurred in the 1st maxillue. The outer lobe terminated in a large, 
curved spine followed by three smaller ones, then there was a distinct blank 
space bearnig no spines, and below this five much Hncr spines were present 
(fig. 26). The inner lobe in all five cases terminatc^.d distally in four long 
curved spines. 

6. PORCELHONIDBS PRiriNOSiTS {Rrarult) Stehbmg. (PI. 21 . figs. 27-30.) 

Sixty-eight examples were examined of this cosmopolitan species and four 
variations noted. Three of the specimens were from Northern India, and in 
all of these the variation shown in fig. 28 was present. 

The 1st Afaxillw. — Two well-marked variations occurred, one in two 
examples (fig. 27) in the spines of the outer lobe, wliich terminated in a large 
and prominent spine, with a smaller one arising from the inner side of the 
plate of the lobe. Below the largo spine were six short spines, one below the 
other. In the second case (fig. 28) the variation was noted in three specimens 
from Northern India and in another example from the Channel Isles. Here 
the spines of the outer lobe were well defined, and in all cases there was the 
smaller spine arising from the inner side of the plate of the lobe. The distal 
extremity of the inner lobe in all four specimens terminated in^ a flat plate- 
like palp (tig. 28). * 
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The 'ind Maxillcc, — In eight specimens from Northern India this appendage 
hud the form shown in figure 29, whilst iii six examples obtained from 
different j)arts of tlie British Isles the variation took the form shown in 
figure 30. 

7. Armadillidiitm vulgake {LairJ)Milne^Edwards. (PI. 21. tigs. 31-33.) 

Fifty-one exam})les of this species were examined and three variations, 
observed, viz., one in the mandibles found twice, and one in each of the 
inaxillsQ, each of which occurred three times. 

The Mandibles. — A slight modification was noticed in two specimens wher<i 
the teeth were shorter than usual (tig. 3 1). 

The Ma^viLLw. — ^The outer lobe terminated in a strong spine, rather 
sliorter, however, than in typical examples, and this was followed by five 
very short, tooth-like spines ; the inner lobe terminated in a sharj), short spine 
on the outer sides and two small blunt spines on the inner side (fig. 32). 

The 2nd Maailhv. In the typical form the terminal portion externally, :is. 
produced into a tooth-like piece whilst internally the terminal portion is.anore 
or U»ss flat or plate-like. Sars^s figure (5, pi. 82, fig. m) is an exccdlent one. 
In the variation noted in three examples, both the internal an<l external 
terminal portions were flat and rather stouter in build. 

III. Summary and ('onclvston. 

1. Four-hundred and thirty* eight speciiiibns have been examined embracing 
seven species referable to six genera and four families, and one-hundred and 
ten individuals exhibited variations. 

2. Of the one-liundred and ten individual variations thirty-one occurred in 
the form of the mandibles, twenty -eight in that of the 1st muxillse, twenty-one 
in that of the 2nd maxillae, and thirty in the form of the maxillipedes. 

3. The conclusion arrived at, after carefully examining and considering the 
above mentioned variations, is, that the oral appendages are subject to a 
considerable amount of variation^ and for purposes of specific distinction are 
not of the value generally supposed, and certainly not so constant as the form 
of the bead^ the inesosomutic segments, the antennae, the telson, uropoda, and 
thoracic appendages. That they may serve to characterise the larger divisions 
is possible. 
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Some Observations on the Tentacles of filentuus By H. A. 

Baylis, B.A., of Jesus Oollege, Oxford. (( \)miniini(*ated bv 
Prof. (t. C. Bouhnk, F.B.S., See.L.S.) 

(Plates 22 & 23^ and J Tevt-fifrure.) 

[Head 15th January, 1914.] 

While exaininin;i; the cutaneous seiis( 3 -or^ans of the barbels and other 
a|)p(uidao;es ol* various fishes at Naples, it occurred to me tliat the lentacles of 
this remarkable s[)ecies mi^ht provide some facts of interest ; and thougli 
previous observers haM> not, so far as T have been able to discover, noted any 
peculiar s<mso-or<»;ans in these app(mda;>[es, I did not feel satisfied that 
t(‘nfacles of such peculiar shajie ami appearance could have become a charac- 
teristic feature of the species without pcu'formin^ some sp<‘eiaJ function. My 
investigations have not niadt^ it eh^ar what that function actually is, hut 
it. does a|>pear to me tluit sense-organs of at least one kind are pn^scnt, and 
this is my excmse for puhlislnng the following remarks. 

Th(‘ lu^ad of lilentnuH ffationff/tne Invars two pairs of braneh<‘d appendages 
(see t(»\t-figure). The larger pair, situated on rhe top of tlu^ cranium, im- 
mediately above the eyes, may be called the su[)raorl)ital tentacles. It is 
with tlies(‘ that my account is chi(‘fiy concerned. The smaller pair are 
situated on th(* posterior etlge of the somcnvluit tubular anterior nostrils, 
forming a kind of fringe of filaments overliangiug the nostril on either 
si(hi. 

As far back as 1872 M. Johert [2] publisheil an account of the general 
structure of the large tentacles, from a study of transv(*rse sections, as well 
as a general d<^scripHon of tlnur form. I need th(*refor(» only remark, as to 
their shape, that they consist of a slightly tapering simn, flattened laterally, 
with numerous smaller branches, or filanumts aseemlants,” as M, Jol)ert 
calls them, along its anterior ami posterior edges, riie hran(*h<\s, in their 
turn, often give off still smaller twigs, especially I hose nearest to the base of 
the tenbiclc and ))Osterior to it. M. Johert inemtions that the tentacles were 
about 2 cm. in length in the .specimen examimMl by him, but in those which 
T have studied they are considerably smaller (about 11-12 mm.). 

When tho fish is in water, the tentacles stand up vertically, apparently 
rigid, looking like a pair of elaborately branched antlers. M. JolxM't states 
that “ au centre se trouve une sorte de charpente de tissu conjoiictif tres- 
dense, qni permet de les maintenir, rneme hors de Fean, a FcHat de deiiii- 
^rection ” This may be the ease in very fully developed s[>ecimens, but I 
find that in mine the tentacles are limp, and lie down flat on the liead when 
the animal is taken out of water. * 
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The tentacles are capable of a certain amount of motion, but are not 
supplied with special iiniscles, and move, T think, only in correspondence 
with the inoyements of the eyes. If an object, such as a ^lass rod, is made 
to approach tlie head ol‘ a normal Blenny, the tontach* on the side nearest 
to it may sometimes be s(‘en to move slightly away from it, but at the same time 
the (we is turned upwar<ls to examine the intruding ohje(*t, and the motion 
of the tentacle does not appear to take place in specimens which have been 



Head; of Blennius gattomgiTte, x 2. 

A.N., anterior nostril. N.T., nasal tentacle. Pect. F., pectoral fin. Pelv. F., pelvic fin. 
P.N., posterior nostril. S.T., supraorbital tentacle. 


blinded by cutting the optic nervos. The significance of this fact will be 
seen later, in inquiring into tho possible function of the tentacles. 

When cut off, the tentacles appear to be readily regenerated. In this 
species the regenerated parts show signs of branching while still very small; 
the pigment is at first very scanty. This is in curious contrast to the 
process in JB. ocellaris^ in which the regenerated parts remain unbranched 
for a long time, though attaining a considerable size, and being quite 
deeply pigmented. 
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MiCBOSGoino Stroctuue. 

fii sections, either transverse or longitudinal, tli(j centre of the t(^ntacle is 
se<'n to b(^ occupied by numerous bundles of inednllated nerve-fibres, wliich, 
as M. Jobcrt has shown, are offshoots from the supra-oplitbalmic branch or 
the Vth nerve. Thes(‘ bundles are accom[)anieil by small blood-vessels, 
which run parallel to them, and in some cases even a[>pear to be partly 
surrounded by them. Branches are sent off irom this central and very 
abundant nerve-siipply to the various lateral twigs ot the tentacle. Thes(». 
m^rves and vessels are surrounded hy a connective-tissue sheath, and this is 
succeedcul by a more (»r less dense network of fine connective-tissue fibres, 
vviMi nucleated cells interspersed. Peripherally there is a dense corium^ here 
and then* raised into a small papilla. The outer part of tlie corium shows a 
stratified sirnctnre, as M. Jobert points out. Internally, however, the corium 
lakes the form of a series of vertically-placed bundles of very fine fii)res. 
In transverse seciions tlH» c(‘ntr(‘s of those bundles someiimes give theappear- 
an<*e almost of a littl(‘ lens — probably a mass of some r(‘fractive colloid 
substance (PI. 22. fig. 2). TJiese verH(*al bundles give the corium, in a 
transversf^ section, the appearance of being divided into a series of 
nearly regular bhuiks ; immediately below these there is a layer of very 
large, branched pigmeiil-cells, <lensely crowded with grannies of pigment, 
which may bo of various colours — yellow, reddish, or nearly black. These 
cells send their amooboid processes up between tin*, “blocks’’ of the corium, 
and it is at this h^vel that the pigment grannies are usually most densely 
crowded (fig. 2). 

Starting From the corium externally to the ]>igment-colls, and passing 
inwards betw(M‘)i them at frequent intervals, at right angles to the longi- 
tudinal axis of the tentacle, are seen bundles of coniu'ctivc-tissue strands, 
wbieli slain deeply with nigrosin. They appear to lose themselves at one 
end in the eoriuin, and at the other in the connective-tivssiu^ sheath of the 
central nerve-bundles. T was at first led to think that they might he nerve- 
sheaths, but. have not been able to demonstrate nerve-fibres running through 
them, and must therefore^ suppose that they are merely strengthening and 
supporting slmct.iires, helping to render the tentacle more or less rigid. 
These structures are much more numerous and conspicuous in B. ocellaris 
than in the sf)Ccios under consideration. Their arrangement is indicated in 

fig- 1- 

No doubt the ultimate branches of the nerves lose themselves in a fine 
network iminodiately below the pigment layer of the corium. In my 
' preparations^ however, it is difficult to distinguish the fibres belonging to this 
system from those of the ubiquitous connective tissue. My attempts to 
stain wdth methylene-blue and with nitrate of silver were signal failtFrcs, and 

LINN. JOIUIN. — ZOOLOGY, VOL. XXXll. 25 



298 


MR. H. A. BATLIS ON THE 


though chloride of gold gave useful results in one particular, as I hope to 
shoviT, yet for this purpose it was equally unsuccessful. 

It now remains to describe the structure of the epidermis, and it is chiefly 
here tluit my account, I believe, diCEers from those previously given. 
M. Jobert was unable to study the epidermis, as it was lacking in the speci- 
men used by him, owing to imperfect fixation. He mentions, however, that 
on the stem and branches of the tentacle dermal papillm are present, 
exactly like those of the barbels of other species, in which they are usually 
surmounted by taste-buds in the epidermis. One might, therefore, expect 
to find a taste-bud in this instance wherever there is o papilla. This, how- 
ever, does not seem to be the case. A. Zincone [6] gives some account of 
the cellular elements of the epidermis, and a figure of a transverse section 
of the tentacle. He does not mention the presence of any taste-buds, 
either on dermal papilla) or anywhere else ; but he mentions certain other 
kinds of cells, to which 1 shall have occasion to refer later. His figuio is 
rather diagrammatic, and seems to differ somewhat from his description. 
He does not show, for instance, the ‘‘ rilievi papillari notevoli ’’ of the 
dermis ; nor any peculiar colls in the epidermis exceptordinary mucous cells.' 
Bateson [1] states that he found no sense-organs on the tree-shaped pro- 
cesses standing up from the anterior nostril and orbit of li, paMoruginey 

Now, it seems to be tolerably clear that the dermal papilla) are not the 
seat of taste-buds in this case. At the same time, I have noticed in a few 
of my sections, both in this species and in B. oeellaris^ little groups of elon- 
gated cells extending tlirough the ihickfiess of the epidermis, and having 
very much the appearance of taste-buds. They do not seein to be arranged 
on any definite plan, and in fact are so rare that they have the appearance 
of having ‘‘ strayed from a more normal situation. Where they do oceur, 
they always appear between, and not on, the dernfial pa[)ill8e. In fig. 3 is 
represented such a group of cells from a tentacle of B, ocellaris. The 
arrangement of the colls in this case seems so definite that I have figured it 
for comparison with the less convincing example from B, gattorugine shown 
in fig. 4 (PI. 23). The cells composing those groups do not, it is true, seem 
quite similar to those of ordinary taste-buds, and they are few in number. 
But the fact of such groups of cells occurring at all, 'and of their extending 
from the basement membrane to an apparently free ending at the surface, 
is in itself worthy of notice. Unfortunately I have not been able to see 
whether any nerve-fibres pass to these groups of cells, but it seems probable 
that such is the case, and that they are sense-organs of some kind, and 
very possibly true taste-buds. 

These, however, are not the only sense-organs which I believe to exist 
in these appendages. In sections of the tips of the branches, stained with 
chloride of gold, I have found a great abundance of peculiar elongated 
otdls running through the thickness of the epidjprmis, and ending distally in 
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a fine though blunt-onded hair-like process. They closely resemble olfactory 
cells in general appearance, having a rather swollen inner end, containing a 
comparatively largo nucleus. Distally they taper gradually, but api)ear to 
end abruptly, while proximally I believ<? they are connected with tine nerve- 
fibres. These cells are invisible in preparations stained by ordinary methods, 
but stain deeply with the gold chloride, with the exception of their nuclei, 
while the surrounding tissues remain vaguely defined. Fig. 5 gives a general 
idea of their appearance, while fig. fi is a drawing of a few of them at a 
higher magnification, showing how ihe fine n<*,rve-fibres appear to come 
into connection with them. These fibres I have heem unable to trace through 
the coriiun, owing to the dense pigment. On dissolving tli(^ pigjiieiit by 
means of May(?r*s chlorine bleaching method, the tissues will no longer 
stain properly. Hence I can only conjecture (and it seems a reasonable 
hypothesis) that nerve-fibres pass from tlui network bem^ith the coriuin, 
through the latter, to reacli tiiese fusirorin cells in the e]>idermis. In order 
to establish the existence of those cells more certainly, 1 have made j)r<*para- 
tions of them in glyi^erinc by macerating the tentacles with weak alcohol, 
and also with osmic acid. I hoped also in this way to be able to s(‘e more 
clearly their coriiioction with the nerves, but in this 1 was disap])oint.ed. 
Fig. 7 is a composite grouj) of a number of these elongated cells, isolated 
in this way. This method seems to leave little doubt that such cells actually 
exist as component parts of the epithelium. They are exceedingly numerous, 
occurring singly among the ordinary cells of the epidermis, and not forming 
groups us taste-buds. They only occur near the tips of the fine branches, 
and not on the main stem of the tentacle. This might, perhaps, account for 
their having boon hitherto overlooked. 

It is interesting to notice, however, that Zincone, in the paper already 
cited, has given an account and a figure of certain elongated cells, which he calls 
“cellule fusiformi,” in the epidermis of the free fin-rays of Trigla, These 
cells are connected with nerve-filires passing through the dermis. He says, Lo 
strato epidennoidale riposa sopru una zona di connettivo omogoneo irto di 
process! papilliform!. Le cellule fusiform! a due poli funno continiiazione 
non interotta con le papille, e probabilmente raggiungono la cuticola.^^ His 
figure shows one of these cells with its nerve, but the “ probable con- 
nection with the cuticle is only represented by a dotted line. It will readily 
be seen that these cells have a certain resemblance to the elongated cells in 
Blennius ; but to what extent they are homologous (or analogous) with them 
is doubtful. 

Cells somewhat similar in appearance are also described and figured by 
Morrill [6] from the free fin-rays of PHonotuSy another member of the 
Gurnard family. He appears to have satisfied himself that they are tactile 
in function, and used in finding food. ' ^ 

I find fusiform cells also in the nasal tentacles of li, gattorugine^ in sections 
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of the filament}? stained with gold chloride. The cells appear to he exactly 
similar to those in the supra-orhital tentacles, and are (jqiially invisible by 
other staining methods. 

Before leaving the morphological charactersof the epidermis, (certain otlnjr 
kinds of cells must be mentioned which occur with great IVe<juency among 
the ordinary stratified epilholinin. Ziiicone memlions two kinds — namely 

(1) ordinary unicellular mucous glands (‘‘cellnh* a b)nna di bottiglia 
which have their narrow ends on a level with the out<‘r surlacf* of the 
epithelium. His account ol* these agrees with my ol)s<»rvjitions. As he says, 
they are not stained l>y O'imic acid or by eliloride oF gold, but remain as 
clear, conspicuous, refractive bodies. They have a Mtuill nucleus at the 
bottom of the cell, surrounded by a thin protoplasmic residmini. The greater 
part of the cell is occupied by the mucous accretion. These are i he only 
cells, apsirt froiri the ordinary epitlielial cells, shown in his iignn*. The> are 
particularly abundant m^ar the base of t\w. lentaeles. Some oF them are 
shown in outline in my figure 8, and one From /y. ocpllaria in fig. a. 

(2) Tf I imdorstand him aright, the only other cells alluded to by him are 
round or oval cells, more deeply iuibedd<*d in tb<* epitl<*rmis, and staining 
deeply both with osmic acid and chlorid<‘ ol gv»ld. H(‘ says ; ‘’Vi soiio 
invece altro cellule di grandezza jmrimeiiti notexole, le (piali b<*nchc non 
presentano la forma dei cosi detti KoHnm descriiti dal Ma\ S(*hiiltze e Ki. E. 
Schulze, ed invec(^ si presentano di una forma ovale, pin*c Mibiscono uria 
reazione particolare non commune alle cellule a miK'o, si colorano cioe 
forteinente al cloruro d^oro od a IP acido i]>t*r<)smic(),'' As he suggest^, they 
are probably merely an early stage of the mucous cells, and would later 
migrate to the surface and acquire the eharact(*ristic fiask-like shape, with 
an opening on the exterior. As in their final form, they have an eccentric 
nucleus surrounded by a little residual proto[dasm, and the rest oF the 
globular cell is swollen out with the secreted matter, which becomes deep 
black w’^hen treat<jd with osmic acid. With ordinary methods of staining, 
such as borax-carmine, these (‘dls remain clear. A typicjal example of such 
a cell is shown in lig. \) (A/). See also figs. 2 and 4 {Af), Tavo such cells, 
treated with osmic acid and isolated, are also shown in fig. 10. 

In addition to these two forms of mucous cells, it seems to me that there 
are also present still more conspicuous cells, wd)ich may fairly l)e compared 
with the “ Kolben descrihed and figured, especially for Petromt/zon^ by 
F. E. Schulze [4]. 'Iheso are very large <dongated cells, extending, as a 
rule, tlirough the whole thickness of the epidermis. In sections they always 
appear to lie in a spaces hollowed out in the ordinary stratified epithelium; 
an appearance which may, ptudiaps, be due to shrinkage. As Sclinlz© says, 
there is no apparent membrane surrounding these cells, and they appear to 
be of a semi-fluid consistency (“ dickflus.sige Oonsistenz ”) ; but after harden- 
ing, they can easily be isolated by teasing or pressure, and then appear as 



TENTACLES OF KLBNNIUS GATTORUOINE. 


301 


boflies of fi fairly coiistanU sonicwhaf bottle-shaped form. The mass of the 
cell apj)oars to be eomposecl of fine, highly refractive granules ; it stains 
Hither deeply with carmine, and appears nnii'ormly greyish after treatment 
with osmic acid. In the centre of this granular mass there is a large nucleus, 
whi(di often appears to consist of two halves very closely a[>posed. This 
peculiarity does not, however, appear to bo <;onstant. The double nucleus 
may be seen in iny figures 2 (A, n) and 9 (A). At the outer end of the cell 
there is always a little clear, cup-sha|)ed hollow, which in my preparations 
always seems to he oj)en to the exterior [fig. 10 (c.) and 9 (o.)]* According 
to Schulze, this hollow, in tlu? ‘‘ Kolben ” of Petromtjzon^ varies considerably 
in size and position. In some cases he found it as a mere space in the cell, 
with no ('xternal opening. In others it not only had an opening at the outer 
extremity of the cell, but might even extcuid inwards as an elongated tubular 
cavity, tapering toa})oint towards its proxiimil end. This appearance I have 
never observed in my pn^parations. Schulze is of opinion that the form with 
closed cavity is an early stage, and that, the cavity afterwards acquires an 
0 ])eniDig and |)ours a secretion out c»n the surface of the skin. He finds fat- 
globiiles soniotimes present in the cavity, but does not seem cerUiin whether 
these may not be pathological. According to M. Schnltze [3] (as quoted by 
Schulze), the “ Kolhen of PHromt/zon often appear to be in close connection 
with per]>endicular stranils of connective tissue immediately below the cutis, 
and these strands often contain a ilark fibre which may possibly bc» a nerve- 
fibre. II e also finds, as does F. E. Schulze, that tb(‘. Kolben themselves 
show certain c*ross-sti iations, caused by alternate layers of doubly and singly 
refractive substance, comparable to the appearance of striated muscles. 

SI. Scliultzc therefore draws the conclusion that the Kolben arc probably 
“ nervose Eiidapparate nmskiiliiser Natur.^' 

F, E. Sehlllz<^, however, points out that neither the cross-striations nor the 
intimate connection with the cutis are constant for all fishes in vvliii*h 
Kolben an* found. In l^etroniyzon jiuviatilis and the Eel, he says, all the 
^'Kolben stand on the cutis ; but in other fishes examined by him 
Cobitis, ThwUy and Lennscus) they may occur at all levels in the epidermis 
and separate from the cutis. Even in another species of Lamprey, described 
by H. Muller, both these peculiarities of tlie Kolben are absent. Schulze 
therefore remains undecidc<l as to the nature of these cells, hiit thinks they 
are perhaps comparable with the sebaceous glands of mammals, their 
substance breaking down to form latty matter, wbirjli is discjbarged as a 
secretion on the surface of the skin. Ho thinks that normally the “ Kolben 
migrate to the surface to perform this function ; in Petromyzon and the Eel, 
where they never lose their connection with the cutis and have no actual 
opening on tho exterior, their secretion probably finds its way out between 
the outer cells of the ejndermis. He is also of tho opinioit tjiat their 
apparent muscular structure may be for the expulsion of the secretion. 
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In most particulars the “ Kolbeii/’ if 1 may so call thorn, of the tentacles 
of Blennht^ agree closely with those of Pelrornyzoti ; but they nearly always 
appear to have an opening on the exkn*ior between the outer . layer of 
epidermal cells. I have not observed cross-striations or fat-globulos in them, 
but the double nucleus and the clear cavity are almost always visible. The 
latter, howe\ er, is always open and of a cup-liko shape. The ‘^Kolben^' 
usually either touch the cutis at their lower ends, or are only se{)arated from 
it by protoplasmic proc.esses from the surrounding cells, rarely by any 
complete cells with nuclei. (Of course, an appearance of this kind may be 
produced in sections which do not pass quite through the longitudinal axis 
of the ‘"Kolbeii/^) I have not been able to discover any nerve-fibres in 
connection with them, and do not think that they ever form any connection 
with my vertical connective-tissue “ blocks.’^ 

Ah regards the function of the tentacles, and ospecialiy of Ihe peculiar cells 
previously described, which seem to me to be undoubtedly sensory, l am not 
in a position to make any definite stiitement. Ajiart from morphological 
consideratit>ns, which would Imd ono to suppose that these cells might be 
olfactory in function, the only means of investigating this question is the 
experimental method. 'I'here are, however, great tlifficulties in the way of 
reaching any certain conclusions by this means. Thus, even if one could 
prove that tin? lish recognized the presence of food or of clietnical sul)stances 
by the us<^ of tluu’r tentacles, by cutting off* all othc»r avenues of perception, it 
would be well-nigh iii)[»ossiblo to say whether the sensation appreciated was 
one of smell, of taste, or of what G. H. Parker, in a recent paper, has termed 
the ‘^common chemical sense.’^ The few experiments which T have made in 
this direction are not of much value for this reason, f tested a few normal 
specimens first vvitli certain reagents, with a view to finding out whether the 
tentacles were sensitive to them. In each case a small pellet of wool was 
dipped in the reagent, and then (first) held over or near the tentacles in the 
water, and (secondly) lightly brushed against them. To oil of cloves there 
was no perceptible reaction. Acetic acid caused a rapid retreat on the part 
of the fish ; they backed away as soon as the diffusing acid reached them, and 
without being touched by the pellet. But the movements of the mouth and 
opercuia showed that some of the acid had got into the mouth. Hydrochloric 
acid produced similar results. Caustic soda seemed to liavc a decided effect 
when placed near the tentacles, the fish darting away at once. When some 
of the white precipitate formed entered the mouth, the fish backed a little 
and spat it out, but did not dart away* Caustic ammonia did not produce 
any marked effect when presented to the tentacles, but the fish did not seem 
to like it when presented in front of their snouts.,. Now it cannot be shown 
from these experiments that the reactions may not have been due to the 
stimulation' of the free nerve-endings in the skin of the head, or of taste-^buds 
situated either in the mouth or elsewhere. There is no proof that any of the 
reaotioi^ were due to the stimulation of organs in the tentacles alone. 
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As a further test, three specimens were etherized, und in two of them the 
optic nerve on either side, and the olfactory tracts, were cut. In the third 
the olfactory tracts only were severed. These sju'cimens still reacted to 
chemical af»ents, such iis acetic acid, as ini^lit he expected, hut this fact is of 
no value. Their tentacles were very sensitive to tonch. especially in those 
whose optic nerves liad been cut. After a rest of some four days, to allow 
of recovery from the effects of the operation, the three fishes were placed in 
a small acpmrinin and tested with worms .and pieces of worms. The two 
which hail been blinded showed no sign of noticing the food when jdacsed on 
the bottom of the vessel near their snouts or eyes. The unhiinded sjiecimoJi 
sho\ve<l signs, ns might be expected, of perceiving them by sight. When 
jtieces were lightly brushed against their tentacles, all throe specimens at 
first backed awtiy, as if reacting to an ordinary tonch-stimulns. Omi of the 
blinded individuals, however, appeared to reoogniztt the presence of food. 
He made a feeble snaji at it, btit did not swallow it. In fact, none of them 
fed iit all. After two or three trials they cease<l to react at all to the sfimnlus 
of touch applied to the tentacles. As a control, three normal specimens were 
fed in the same vessel, two of wbi<di fed rrtidily. On the two following days 
the same procedure was gone through, with similar results. 1 am inclined 
to believe that in tiie one fish which seemed to recognize food the olfactory 
function may not have been completely destroyed. 

The only (tonclusions with regard to the tontacles which it is possible to 
<lednc<‘ from the aliove meagre evidence arc : — 

( 1 ) 'I’hat the tentacles are very sensitive, to touch. 

(2) That they may recognize the “feel*' (? the ta.sto or odour) of (he 

substance tbat touches tlieui. This, however, is verv doubtful. 

As to the normal function of the tentach's, therefore. I am still undecided. 
The only (act which seems tolerably certain is that they contiiin some nervous 
apparatus which is eminently .sensitive to touch, whether the stimulus comes 
from an artitde of food or an inanimate obje<!t. Thus, normal specimens 
whose hmtacles are lightly touched writh a glass rod as the 3 " lie on the 
bottom of an aquarium, will loan over in an almost Indioroiis manner away 
from the side touched, at the same time moving their eyes to see the source 
of irritation. Whether my fusiform cells play any part in the perception of 
this kind of stimulus is a question which 1 must leave unanswered. 

It would have been interesting if it could have been shown that the 
tentacles were sensitive to disturbances or vibrations in tbe water, due to the 
movements of other animals or to deliberate stirring by artificial moans. 
From the habit shown by these fishes of lying half concealed among rocks 
and stones, often with only the head exposed and the tentiides ftrect, this 
woald almost seem a likely function. I have not, however, been able to find 
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any ovidence that such is the case * Of course, there is always tlic possibility 
that such appeiulages may serve merely to increase the resemblance of the 
animal to its surroumlings by simulating bits of seaweed and the like, or by 
merely breaking the continuity of its outline, as is no doubt the case among 
var'ous fishes, such as Svorptvna. But this offers no explanation of the 
prosence of special sense-organs in the tentacles, and could not, therefore, in 
this case be considered the sole justification for their existence. 


Note. — In Blennivs ocularis somewhat similar supraorbital tentacles arc 
found, but they are more flat.tene<l in shape, with expandeii extremities. 
They do not nf)})ear to contain any fusiform cells, though in other respects 
their bistology closely resembles that of the tentacles of /?. (jaitorugine. 
There, are no nasal tentacles, but there is a small flaitened dermal a]>pendage 
on the back, on either side of the first or anterior ray of the dorsjd fin. In 
sections of these appendages no fusiform cells or tasto-bnds wore found, hut 
there are a very few ‘‘ Kolhen and numerous globular mucous cells. The 
corium is very thick, and consists of fine fibres nrrang<‘d in a conspicuonslj" 
concentric manner, with large vertical bundles interrinlly. The connecrive 
tissue in the centre of the organ is rather loose, with a few small nerve- 
bundles running longitudinally through it. 
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EXPLANATION OF THE PLATES. 

Plate 22. 

Fig. 1. A transverse section of tlie main stem of a tentacle of Blennim goitorugine \ low 
power. Partly diagrammatic. 

«, One of the “Kolben.” blood-vessels. 6*., corium. C-T., the deeper 
connective tissue. epidermis. F., one of the radially-disposed bundles 

of connective-tissue dbres. m., mucous cells (round form). JVi, iiorve- 
bundles. P.; pigment. Pa., dermal papillee. 

Fig. 2. A small portion of the edge of a transverse section of the same. 

A, “ Kolbe.” C,y the outer layer of columnar epithelium. Cb., corium. 
Z., “ lens^like ’* body in perpendicular column of connective tissue. A/., round 
form of mucous cell. P., pigment-cell, w., nucleus of pigment-cell, m.', double 
nucleus of Kolbe. Cam., oil imm. fj”, oc. x8. 

Fig. 3. JJlefinius ocellaris. Small portion of the skin of the tentacle in longitudinal 
section. 

(?., Stratified outer part of corium. Ctt., cuticle. Ep.y epidermis. P., group 
of elongated cells, possibly a taste-bud. Cam., oil imm. uc. x8. 


Plate 23. 

P'ig. 4. Blennius gattorugine. Portion of transverse section of the stem of a tentacle. 

T,y A group of elongated cells (taste-bud P). Other letters as in tig. 2. Cam., 
oil-imm. oc. x8. 

Fig. 5. Blennim gattorugine. Part of the edge of a transverse section of one of the 
“ twigs ” of a tentacle, stained with gold chloride. 

0., Corium. C.T., connective-tissue and nerve-fibres. F., end-cell. Zy, epi- 
dermis. h,y hair-like termination of end-cell, n., nerve-tibres. P, pigment. 
Cam., oil-imm. yV', oc. x6. 

Fig. 6. Portion of a similar section, more highly magnified. 

Lettering as in fig. 5. F.', end-cells cut obliquely or to one side. 

Fig. 7. Isolated elements of the epithelium of the tentacle of B. gattorugim. 

(Macerated in weak alcohol, stained with picrocarmiue, and examined in 
glycerine.) 

F., End-cells. Fp., ordinary epiderm-cells. F.', an end-cell with bifurcated 
base, d., distal extremity of end-cell, n., proximal end, with minute uerve- 
libre. nucleolus. Cam., obj. oc, x 8. 

Fig. 8. F. gattorugine. Part of a longitudinal section near the base of a tentacle prepared 
with osmic acid. 

a, clear fiask-shaped mucous cells, occurring only near the base, by iDund 
form of mucous cells, blackened with osmic acid. Other lettering as before. 
Obj. -J", oc. X 5. 

Fig. 0. F. gattorugim. Portion of transverse section of a tentacle. 

A, Kolbe,*’ in median section. A’, another, cut to one side. Af., round 
form of mucous cell, o., opening of the cavity of the ** Eoll^.” Other letters 
as in previous figures. Cam., oiWmm. -jy oc. X 6. ^ 

UNN. JOUUN.— 200L0GY, VOL. XXXII. 26 
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9 a. BUmiut ooeUaris, Part of txtamene Boction of tentade. 

ilf., a flask-ahaped mucouB cell, n., its nucleus surrounded bj the residual 
protoplasm. Other lettering as before. Cam., oiUrnm. oc. X 8. 

Fig. 10. S. ffoitoruffme. Isolated elements from the ^dermis of the tentacle, treated with 
osmio acid. 

A, ** Kolben.” B, round form of mucous cell, blackened with osmic acid. 
0 .. cup-like cavity of Kolbon. n., eccentric nucleus of mucous cell. Cam. 
obj. i"', oc. X 8. 
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On tho Month-Parts and Mechanism of Suction in SeUzoneura lanigera^ 
Hausmann. By J. Davidson, M.Sc., F.E.S. ((5omniiinicated by 
Dr. A. D. Imms^ F.L.S.) 

(Plates 24 & 2S, and 2 Text-figures.) 

[Head 6th February, 1914.] 

I. Introductory Remarks. 

Owing to tho groat iinportanco of tho family Aphididse from the point of 
view of Economic Entomology, it is thought that a detailed investigation of 
tho structure and mechanism of tho mouth-parts and associated structures in 
a member of this family, may be of considerable hel[i in elucidating many 
points in connection with the life-history and habits of these insects. 

Then! are many questions associated with the mechanism of suction in 
A])hi(ls, about which our knowledge is very obscure. The action of the 
stylets in the plant tissues is by no means clearly undiTstood, although 
Hiisgen (1890) contributed a great deal to our knowledge of this problem. 

When considering the influence of the sap of certain plants upon tho 
development and reproduction of Aphids, it is very essential to know exactly 
from which colls the necessary food is derived. There is moreover the 
question as to why certain species of Aphids produce galls on the host 
plants, as is the case with the species under consideration. 

From observations made in connection with some experiments I have 
carried out this summer, it seems evident that those insects are susceptible 
to changing conditions of growth of the host plant. Tho present paper has 
been written in the hope that it may be helpful in the further investigations 
of the problems mentioned above. It deals only with the anatomy of the 
mouth-parts and associated structures, and attempts to give a clear account 
of the way in which the plant juices are conveyed into the pharynx and 
then passed through the oesophagus into the stomach, and further to explain 
how the secretion from the salivary glands is forced by the salivary pump 
into the tissues of the host plant. 

This work has been carried out in the zoological laboratory of the Royal 
College of Science, London, where the author has been working for the past 
year as a Board of Agriculture Research Scholar. Through the kindness 
of Mr. P. Awati, who has been investigating tho mouth-parts of Lygua pabu^ 
Unus^ Linn.^ I have been able to examine his sections, and the comparative 
observations have been most belpfuL Mr. Awati is shortly publishing his 
paper on LyguB. The reader is referred to a previous paper by the author 
on the general anatomy of Schizoneura lanigera^ which gives a more general 
description of the alimentary canal and associated structures, and should be 
read in conjunction with this paper. 

LINN. JOURN.— ZOOLOGY, VOL. XXXII. 
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I should like to take this opportunity of expressing my sincere thanks to 
Professor Maxwell Lefroy for the many suggestions and advice he has kindly 
given mo during the progress of the work, and also to Mr. Clifford Dobell 
for much valuable assistance in connection with methods of technique and 
references to literature. 

II. Technique and Methods. 

Specimens were fixed in Carnoy’s fluid and kept in 90 per cent, alcohol. 
Bonin’s picro-formal mixture was also used. 

The mode of preparation of material for the paraffin bath was as follows. 
After passing through the alcohols to absolute alcohol^ the material was 
placed in chloroform for several hours, then in a mixture of equal parts of 
chloroform and wax and finally in the paraffin bath. Paraffin-wax melting 
at 58® (>. was used and the beat results were oblained when the material 
was left in the bath for about two hours. Only the head was imbedded, but 
for entire specimens a longer time in the bath is advisable. Sections were 
cut from 4-10 thick, in three planes, transverse, vertical, and longitudinal. 

Normal ssJine solution, glycerine, and turpineol have been used as 
examination media. 

For examination of cleared specimens the material wm taken through 
alcohol and cleared in cedar-wood oil, clove-oil, or turpineol, and mounted 
in alcoholic or xylol balsam. 

Sections wore stained with haematoxylin l^Ehrlich) and orange G or eosin. 

For examination of the chitinous parts the material was treated with 
10 per cent, potash for s(3voral hours and then washed in slightly acddulated 
distilled water and examined in pure glycerine, or mounted permanently in 
the usual way in (Janada balsam. 

The drawings were made from Camera lucida sketches, and owing to the 
minute detail of tin* parts very high inagniK cations were necessary, so that 
most of the work was done with a oil-immersion lens, and in the case of 
figs. 4-14 and fig. 24 a No. 18 occulo was used. 

III. Nomenclature ; Uevibw of Literature. 

The terms used throughout this paper are based solely upon the study of 
the anatomy, and do not necessarily imply a definite homology with other 
Hemiptera. It is not intended to discuss in any detail the homologies and 
morphology of the tlifferent j)art8. As far as possible established names have 
been given, but generally speaking the terms are mainly used for convenience 
of description. 

Most of the published work dealing with the mouth-parts of Hemiptera is 
confined to the division Heteroptera. The deflexed position of the head in 
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the Homoptera gives rise to several structural differences between the two 
divisions. 

The description throughout refers to the head in the feeding position, so 
that the clypoal or dorsal face of the fore^head is spoken of as the anterior 
or dorsal face, and tlie surface which is adpressed to the venter in repose, as 
the posterior or ventral face*. The distal end of the fore-head is towards the 
extremity of the labrum and the proximal end towards the epicranial 
region of the head. 

Several of the earlier anatomists, for instance Westwood and Burmeister, 
tried to homologise the mouth-parts of sucking insects with those of th(? 
mandibiilate or biting insects, and in 1853 Gorstfeld published a paper 
dealing specially with the mouth-parts of sucking insects. Geise (1883) 
published a paper on the mouth-parts of Notonecta^ Nepa^ and Conm^ and 
described the salivary pump (Wanzenspritze) which Mayer had described in 
Ft/rrhocoris aptprus in 1874. Weddo (1885) dealt with the mouth-parts of 
some Uhynchota and made some observations on the method of suction. Two 
years later Leon (1887) studied Pentatoma^ and made observations on the 
homologies of the parts. The next important ]>aper is that of Heymons 
(1899), who made many interesting additions to our knowledge of the 
morphology of the Hemipterous trophi. The most valuable contribution 
within the last few years is that of Bugnion and Popoff (1911). These 
authors have dealt specially with Graphosoma lineatum, but have also studied 
several other species of Ileteroptera. In an introductory chapter they give 
many of the different views held by previous workers, as to the homology of 
the different parts of the trophi. 

So far as the Homoptera arc concerned very little work has been done. 
Smith (1892) attempted to homologise the mouth-parts of Cicada with those 
of Diptera, but his work was much criticised by Marlatt (1895). In 1898 
Smith published a further paper upholding his views that the proboscis and 
stylets are maxillary structures, and that no trace of mandibular structures 
occur in any present form of Hemiptera. 

Meek (1913) published an important work on the mouth-parts of Cicada 
septeiideeim^ in which ho shows the close relationship existing between the 
structure of the head and trophi in this Homopterous insect and the many 
Heteropterous insects that have l)een studied. He also gave an account of 
the method of suction. During the past two pr three years Muir and 
Kershaw have made some interesting additions to our knowledge of the 
morphology of the mouth-parts in Hoteroptera and Homoptera. Their 
conclusions are based chiefly on the study of the development of the embryo 
of Pristhesmeus papuensis and of Sipharda, They have also made a general 
comparative study of different families, and have endeavoured to show 
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♦ Vide footnote on p, 311. 
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the close relationship that exists between the trophi of Heteroptera and 
Homoptera. 

To supplement this brief review of the literature I shall indicate as far as 
possible, the relationships which the mouth-parts herein described bear to 
those studied in other Hemiptera. 

The salivary pum[) is the “ Wansenspritze ” noted by Landois (1868) in 
Cimea; lectniarivs. A few years later it was described by Mayer (’1874) 
in Pyrrliocontt aptemx, and since then, from time to time, by many authors 
in different species of Hemiptera, including Aphids and Coccids. Muir and 
Kershaw (1911 />) consider that the salivary pump arises as a modified 
development of the salivary duet. 

The morphology of the sclerites forming the bead is a much debated 
question. Owing to tlie deflexed position of the head in Homoptera the 
distal part forms a freely articulating cbitinous capsule which supports the 
trophi. This, which is the Vorderkopf of many German authors, 1 propose 
to call the fore-hecul. Meek (1903) hsis described t\x» fore-liead in Cicada as 
made up of the frons, clypeus, labrum, epipharynx, and the mandibular and 
maxillary scloribis. The tapering upper lip, which I call the labrum, appears 
to be the part, referred to by Meek as the prolongation of tlie epipharynx ; 
the labrum bo considers as being considerably reduced. 

This view is also held by Muir and Kershaw (1911). It will be seen later 
that 1 retain the name epipharynx for the specially thick ehitinous roof of 
the pharyngeal duct, which also form.s the floor of the part 1 call the clypeo- 
labrum. 

The structure T refer to as the clypeus corresponds in position to the 
frons of Meek in Cicada. A .slight transverse depression divides it off from 
the clypoo-labrum, but internally it is defined 'by the presence of the 
pharyngeal struts, which are really thickened parts of the clypeal folds. The 
clypeus supports the divaricator muscles of the pharynx. 

There is some doubt as to the parts which make up the labium. Geise 
(1883) considers it as the lower lip. L(ion (1887) described rudimentary 
labial palps in Hydracores ; but Heymons (1899) found, by studying the 
development in the embryo, that the proboscis is formed by the fusion of a 
simple pair of appcn<Iages (2nd maxillm), which bear rio trace of palps. He 
considers these latter structures arise as secondary developments. Muir and 
Kershaw (1911) have shown that the proboscis is formed by the fusion of 
the simple 2nd raaxillse, and afterwards becomes secondarily divided into 
segments j they found no clue to the missing palps. 

The morphology of the stylets is a much debated point. , Originally it 
was thought that they represented the maxillse and mandibles. Smith (1892) 
drew attention to the fact that certain sclerites, which fmrined part of the 
ehitinous capsule of Hke fore-head, were really associated during development 
with the stylets, so that the stylets do not really represent the complete 
mandibles and mnxillee. 
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Heynions (1896-8) showed from embryology that the internal or posterior 
stylets represent only part of the first maxillae. During development the 
basal portion of each maxilla forms a chitinous plate, which fuses with the 
wall of tlio head. The work of Muir and Kershaw (1911) has confirmed 
this both in Homoptera and Heteroptera ; hence this pair of stylets T have 
called the maxillary stylets, and their sclerites the maxillary sclerites. 

Bugnion and Popoff (1911) consider the anterior or dorsal pair of stylets 
also represent only part of the mandibles in Heteroptera, the basal portion 
of the mandible forming a sclorite which fuses with the wall of the head. 

Meek also considers that mandibular sclerites (lone) are present in Cicada, 

The later work of Muir and Kershaw (1911-12) on the embryology of 
Pristhesanevs papuetisis and Siphanta shows that the mandibular sclerites 
(so-calh'd) have no relation to these stylets, and are not derived from them, 
and thus I call those stylets the mandibles. The structures I refer to as the 
clypeal sclerites agree in position with the lortc or mandibular sclerites 
of Meek. 


IV. Anatomy of the Head and MouTn-rAUTs. 

A. External Sir n dure. 

The head in repose is strongly defiexod bi'iieath the ant(n‘ior end of the 
body. On examination of its anterior face, it is seen to be divided into two 
distinct portions by a transverse suture, situated near tln^ vertex. The 
proximal portion, which hears the eyes and antennas comprises the ejncranlal 
region. The distal portion is conical in shape and tapers disUilly, forming 
a stout, chitinous capsule whicli supports the troplii. Por purposes of 
description 1 shall refer to the structure as the fore-^head *. It freely 
articulates with the epicranial region by means of thin, flexible chitin 
(PI. 24. fig. 1, a/.), which allows freedom of movement, enabling it to he 
raised or defloxed at will. 

The epicranial region is broad and convex and is continuous at its proximal 
end with the prothorax. 

The fore-head is strongly convex on its anterior and aiitero-latoral faces, 
and is composed of several chitinous plates or sclerites. 

The post-lateral walls, vide fig, 18 (PI. 26), are flat and composed of thinner 
chitin. 

In the distal half of the fore-head the integument folds into the interior, 
between the scleritesj forming well-defined chitinous folds, as indicated in 
text-fig. 1. 

Looked at from its anterior face, the fore-head is seen to consist of dome- 
shaped areas, vide fig. 1. 

# 

* In a previous paper 1 called this structure the frons. This term is mislea^nf^. it is 
the Vorderkc^f of many German authors and for want of a better word I use the literal 
translalion fen^e-head. 
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A large median plate, which 1 call the clypeus, c/., extends from the 
proximal margin of the fore-hoad and forms the greater part of the anterior 
face. Distally it narrows somewhat, and is divided by a shallow, trans- 
Terso depression from a smaller triangular selorite, cLL This I call the 
clypeo^lahrum. It seems to be really a continuation of the clypeus. A 
tapering plate of chitin, the lal*rum^ Ibr.^ extends in the median lino from 
the distal end of the clypeo-labrum. 

The floor of the clypeo-labrum, PI. 24. fig. 1, e.p.^ is composed of thick 
chitin, which forms the roof of tlie pharyngeal duct, phd. This is the 
epipharynas. It possesses a deep, longitudinal groove on its internal face. 

Text-fig. 1. 


d.m. 

cl.f 
md pr. 

cl 5C 


mx.f 
mx.se. 

mxvpr 

Transverse section tbrougli the fore-head in region of pharynx protuberances, showing 
I'elation of sclerites forming the fore-head. x300. 

(For explanation of lettering see p. 329.) 

as is shown in transverse sections, figs. 7-9, which affords a support for the 
maxillary stylets. 

Distally, it is continuous with the internal face of the labrum, but the 
chitin becomes much thinner. 

The labrum possesses a few, small, transverse ridges on its outer face and 
a longitudinal groove on the internal face. It is connected with the clypeo- 
labrum by a thin chitinous' f old, which permits free movement. 

Two folds of chitin, the clypeal folds^ text-fig. 1, cZ./., extend into the 
fore-head on each side of the clypeus, and become continuous with the dorsal 
wfdl of the pharynx. 
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At tho anterior end of the pharynx the walls of the fold are composed of 
very stout chitin and form two stron^r chitinous stmts, the pharynfieal struts 
{ph.st,^ figs. 13 & 14), which extiuid to the ant( 3 ro-latoral walls of that st ructure, 
affording a firm support for it. Tho clypeul folds sciparate the clypeus from 
two lateral sclerites, the clypeal sclerites^ cLsc. (mandibular sclorites or lorae 
of some authors). 

Two maxillary sderite,% mx.sc.^ are situated below tho clypoal sclorites, and 
help to form the latero- ventral walls of the fore-head. They extend venirally 
towards the mid-ventral line. In the j)ost-ventral region they merge into 
the floor of the fore-head which is composed of thin chitin, fig. 18, /‘./i. 

Distally, tho maxillary sclerites lie close together in the mid-ventral lin(*, 
and extend beneath the ciypeo-labrum and labrum. They are separated for 
some distance, however, by a median plate of chitin which merges proximally 
into the ventral wall of the fore-head. This is the hypopharynx^ hyp. It is 
continued forward beneath the pharyngeal duet, pluL^ as a small hypopharyux 
lip^ hyp.L, fig. 1. The maxillary sclorites, closely apposed in tho median line, 
extend beneath the hypopharynx lip, concealing it from the ventral aspect, 
and form two tapering processes, the maxillary processes as seem in sections, 
figs. 4-7, and shown in fig. 2, mxp. 

The maxillary sclerites turn inwards on each side of the hypopharynx and 
form two deep folds, tho hvccal foldsy h.f. Those folds remain open through- 
out and form two large cavities or chambers, the buccal cavity^ b,c.^ which 
accommodate the stylets. Towards the distal end, the internal faces of the 
maxillary sclerites and maxillary processes are composed of stout chitin, and 
ar grooved, thus affording support for tho stylets, figs. 6-8. 

The hypopharynx lip extends beneath the pluiryngeal duct, forming the 
ventral wall of that structure. Proximally the lip dips down and becomes 
continuous with the broader portion of the hypopharynx, hyp. A large bay 
is thus formed in which the salimry pump^ text-fig. 2, s.p,^ is situated, 
being attached to the wall of tho hypopharynx by means of a stout chitinous 
supporting base, figs. 2, 12, 13^ and 23, p.s. 

The salivary pump can bo seen through tho integument in cleared speci- 
mens as a dark “ V ’’-shaped chitinous structure. 

The floor of the fore-head, into which the hypopharynx merges at its 
proximal end, becomes continuous with the dorsal wall of the proboscis or 
labium^ fig. 1, Ibm.y and text-fig. 2 (p. 325). This latter structure turns 
beneath the hypopharynx, and at its proximal end its walls consist of thin, 
flexible chitin. 

The post-lateral walls of the fore-head are composed of thinner cliitin, 
'fig. 18, l.w. When viewed from the anterior or dorsal face, in cleared 
specimens, there appears to be a ridge of chitin running along the lateral 
edges of the clypeus. This however, is due to the thick chitin of flio^lypeus 
joining on to the thinner lateral walls of the fore-head. 
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The dypeal sclerites and maxillary scloriiesare separated by the maxillary 
foldsy mx.f. These represent the mandibular folds of Muir and Korslmw. 
As in the case of the dypeal folds, the in-turned edges of the maxillary and 
dypeal sclerites are held firmly together by connective tissue. In sections 
the connective tissue tears away and the solerites become separated. Tlie 
maxillary and dypeal folds extend towards the proximal end of the fore- 
head, where the sderites merge, together to form its lateral walls. 

The internal, lateral walls of the hypo[)harynx (figs. 11-14) are composed 
of stout ohitin and become continuous with the wall of the pharynx, forming 
part of tlie stout chitinous supports which surround its anterior end. The 
pharynx is hold firmly in position by these supports, vide fig. 14. 

B. The Endoskeleton of the Head, 

The endoskeleton of the head consists of strong, liollow, chitinous bars, 
formed by invaginations of the integument of the head. These bars, which 
form the arms of the tentorium, give support to the fore-head, and also 
afford attachment for several muscles. Figs. 2 and 3 show the chitinous 
endoskeleton as seen in potash preparations of the head. 

The arms of the tentorium eX{mnd at tlieir extremities and form a broad, 
hollow, transverse plate ^ t.p,, which is situated in the posterior region of the 
head, beneath the supra-oBsopluigeal ganglion, and forms the central snj)port 
of the tentorium. The antero-dorsal arms, the untero-vonlral arms, apd the 
ventral rods are attach(id or eontinnous with the transverse plate. The 
chitin of this latter structure is thinner towards the middle, but becomes 
much stronger towards its en<ls, from whence the tentorial arms pass. 

The antero-dorsal arms^ a,d., are formed by two invaginations at the 
posterior end of tho clypeal region of the head. They extend in a posterior 
direction to tho transverse plate, fig. 3, a.d. 

The antero-ventral arms^ a.v., pass forward ventrally, diverging from one 
‘ another, towards the infra-posterior angles of the fore-bead. Each then bends 
upwards, along the lateral wall, and ends at the proximal end of the maxillary 
fold. From this region a stout triangular bar of chitin passes into the fore- 
head from each side, which form two levers, md.Z., for the dorsal or anterior 
pair of stylets (mandibles). The position of these levers corresponds to the 
position of the ends of the maxillary' folds, and each lever appears to be a 
thickening of the lold in this region, fig. 16, nui.l, being part of the 
clypeal sclerite. 

The ventral ehitinous rods, r.r., fig, 2, and also in figs. 18-21, originate at 
the posterior ends of the buccal folds, and passing beneath the large pump- 

♦ 'niese terms are used for convenience in description, and are not neoessarUy homologous 
with the arms of the tentorium as described by CemStock ( 1902 ) in insects genially. 
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muscle, they become contimious at their proximal ends, by means of 
thinner cliitin, with the middle of the transverse plate 

A narrow curved rod of chitin, wx./., articulates at the proximal end 
of each maxillary scleriie, where that structure fuses with the general wall 
of the forc-heud, and near the base of the mandibular lever on each side. 
They both pass inwards to become attached to the proximal ends of the 
intc^rnal or ventral stylets (maxillary stylets), and thus form the maxillary 
levers^ figs. 2, 3, and 1 7. 


0. The Lahium, 

The proboscis or lahiam (Ibm,) is formed by an evagination of the. integu- 
ment at the iiifra-[)osterior end of the head. In repose it li(5S closely 
adpressed against the ventral surface of the body, between the coxte, and 
extends for some dista-iice beyond th(‘ third [)air. It consists of three 
segments, text.-fig. 2, a long proximal segment and two shorter <listal 
segments. Its dorsal or anterior face is folded to form a median, longi- 
tudinal groove, which extends along the greater i>art of its length. At the 
(‘.xtreiuity of the distal article the walls of the fold close completely over, 
thus forming a short tube, but throughout the rest of its length the groove 
is open. The proximal end of the proboscis is composed of thin, flexible 
chitin, as is shown in fig. 1. It is this part which is capable of being drawn 
into tbe body during f(«HJing, as will be explained later. This proximal end 
is not groove<l. Wben sp<*cimens arc examined, the stylets an^ usually 
found lying in the proboscis groove, being hehl in it by the short, c.los(^d 
tube at its extremity. They are often found extending through tlic end of 
this tube, beyond the tip of the proboscis. The distal article of the proboscis 
bears on its extremity a ring of tactile hairs. During feeding, the })roboscis 
is raised from the surface of the body, and its anterior face is closely 
pressed against the hypopharyiix aiul maxillary processes. 

D. The Pharynx. 

The pharynx (p7^.) extends through the head in the modian line, and passing 
over the transverse plate of the tentorium, hwids into the oesophagus, fig. 1. 

When a cleared potash preparation of the head is examined from the 
dorsal aspect, two conspicuous prominences are seen at the anterior end of 
the pharynx. These are the pharynx jerotuherances^ p.p,^ figs. 12, 13. They 
are the “ Naroiden described by Dreyfus (1894) in Phylloxera. It is in 

* Mordwilko (1895) has described these rods in Lachnus^ as the Chitinfortsatzestabchon.” 
He considers they are free at their proximal ends. By means of serial sections I have 
traced these rods in Sohmmura to the transverse plate to which they are attached by 
tbin chitin. 
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this region that the stout' j)haryngeal struts and the thick, internal walls of 
the hypopharyiix moot, thus forniiiig a firm support for the pharynx. 

The pharynx proper (i. <*., the part which exerts the sucking force) begins 
hero, and as is seen in tlio Imnsverse sections, figs. 12-22, the dorsal wall is 
coinpose<l of thin flexible chitin, which is acted upon by large divaricator 
musdeity d,m. Anterior to the pharynx protuberances the continuation of the 
pharynx dips down, and its walls are entirely composed of very stout, rigid 
chitin, figs. 7-11 . Tlie thick cliitinous upper wall is formed by the epiphart/na:^ 
and the lower wall by the hppopharj/tu\ This portion does not exert 
any sucking action, and is simply a duet, the pharyngeal dmt^ ph.d»^ which 
conveys the plant-juices into the pharynx proper. This duct, as will bo 
shown later, leads directly into the suction-canal forjned by the approxi- 
mation of the maxillary stylets. The pharynx proper extends from the 
position of the pharynx protuberances to the transverse cliitinous jdate 
of the endoskeleton. It is concave in section, the thin dorsal wall fitting 
against the stout ventral wall, and possesses a fairly wide lumen. 

The pharynx protuberances are two hollow, dome-shaped prominences, 
formed by the meeting of stout chitiuous arms in this region, as shown in 
figs. 12 and 13. They afford a strong support for the anterior end of the 
pharynx. The dorsal wall of the pharynx, which is thin and flexible, fits 
snugly between the protuberances into the deep bay formed i)y the thick 
ventral wall. In this region the dorsal wall is acted upon by strong 
divaricator muscles, d.m., which are attached to a median, vertical tendon, 
m.L It will thus be seen that when these muscles are relaxed, the upper 
wall of the pharynx fits closely against the ventral wall between the pro- 
tuberances and practically occludes the opening into the pharynx, thus 
acting as a kind of entrance-valve. It seems to me, therefore, that the 
function of the protuberances is simply to strengthen the anterior end of 
the pharynx, and to render this valvular action more complete. 

The pharyngeal duct^ which really forms part of the pharynx, can be 
discussed separately, because its function differs from that of the pharynx 
proper, in that it exerts no siicking*forcc, but is simply a conducting-caual 
through which the plantrjuices are conveyed from the suctiion-caual. 

The pharyngeal rfr/c/, figs. 10 and X\^ph,d.^ dips down and leads to the 
extremity of the hypopharyiix lip *. Its roof is formed by a specially thick 
plate of chitin, which also forms the floor of the clyi>eo-labrum, oil. This 
structure is the epiphdrynx^ ep., figs, 3 and 7-11. 

* The mouth, or oral opening, which is really the entrance from the buccal cavity into 
tke pharynx, may be considered as being here. Owing to the special mode of feeding in 
Ilemiptera however, the food-juices, as will be shown later, really enter at the extremity 
of tlie compound maxillary stylet, and pass upwards through a special canid into the 
pharyngeal duct, so that the actual mouth is situated at the extremily of this stylet. 
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E. The Epipharynw. 

When examined in transverse sections, tijj;. 1^, the epipliarynx is seen to be 
<leeply groove<l on its internal face, affording, towards its distal end, a kind 
of bay in which the maxillary stylets are snugly fitted. 

In cleared preparations of the head, fig. S, the epipliarynx is seen to 
possess a median row of eight well-formed pores, an<l these are also seen in 
median longitudinal sections, figs. 1 and 25. Dreyfus (1891) has figured 
and described a similar structure in and calls it the hypopharyiix. 

He has also figured the eiglit jmres, but considers these “ pale sjiots ” as small 
chitinous pegs. It may not bo out of place here to emphasize the need of 
verifying observations made on cleared specimens by means of sections. 
The danger of misinf^rpreting deeply-seated chitinous structures from cleared 
transparent specimens is very great, and serial sections are indispensable if a 
true interpretation of internal chitinous structures is to be gained. 

In longitudinal sections the epipharynx appears as a perforated [date, and 
is probably the perforated languette described by Bugnion and Popoff (1911), 
and also by Woddo (1885) in other Hemiptera. 

Lying above the anterior end of the pharynx and extending over the 
pores in the epipharynx is an irregular group of cells, possessing large, 
deeply-staining nuclei, but cell-walls are not defined, fig. 25, <7.0. 

This structure is found in all sections. Behind the epipharynx it seems to 
ilivide into two lobes which extend one on each side of the divaricator muscles. 
In longitudinal sections taken a little out of the median line, I have found a 
nerve passing from the two anterior lobes ol’ the su[)ra-a3SO[>hageul ganglion 
to each lobe of this structure. 

From its position over the perforated epipharynx this structure would scorn 
to be a yifstatory organ. An organ in this position has been described by 
Bugnion and Popoff (1911) in Heteroptera, and also by Wedde (1885), but 
as far as I am able to see with the sections I have made, the histological 
structure docs not agree with the figure given by the former authors. It 
certainly does not appear to bo a glandular structure. I hope iu the near 
future to make special preparations and sections to show the structure of 
this organ, which will demand the application of special methods. From 
indirect evidence it would appear that it is an organ of taste, which enables 
the aphid to test the nature of the sap drawn into the pharyngeal duct 
before it enters into the pharynx proper. 

That a[)hids are able to readily appreciate differences in the plant-juices 
derived from different plants is quite certain from observations I have made 
this year during the progress of some experiments with Aphis rnmicis. 
There is no other organ present which could exert such a function. The 
tactile hairs at the extremity of the proboscis only serve to enal^e the a[)his 
to find a suitable tender part of the plant in which to insert its stylets. 
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I have given a longitudinal section, fig. 25, through the epipharynx, 
showing the position an(i structure, so far as 1 am able at present, of this 
gustatory organ. Tlio section is not quite median, so that the surrounding 
chitinous structures are not shown very clearly. 

F. MusculaJture of the Pharynx* 

The anterior or dorsal wall of the pharynx is acted upon by powerful 
bands of divaricator muscles, which pull out this flexible dorsal wall, thus 
greatly increasing the lumen of that structure. In the distal half of the 
pharynx an upright membrane or tendon, m./., is attached along the middle 
of the [diary nx-wall, and to this tendon are attached the divaricator muscles, 
rf.m., as is shown in figs. 12-16. The muscles pass from each side of this 
median tendon in parallel bands, and become attached to the wall of the 
cly]) 0 us, on each side of the median line. The internal face of the clypeus 
[lossesses several, small, projecting ridges of chitin, which afford a firm 
attachment for the muscles. These muscles extend to the clypeus in a 
slightly [losterior direction, so that in transverse sections they are often cut 
across, as shown in fig. 1 7. 

The muscdes attached to the proximal cud of the dorsal wall of the pharynx 
are smaller. They converge towards the post-dorsal wall of the clypeus, 
becoming inserted on its internal face, near logethcr, on each side of the 
median line. 

In fig. 1, which is a slightly schemutized median, longitudinal section 
through ihi) head, the muscles are cut through obliquely and pass out of 
the line of section htdbre reaching the clypeus. 

Between th<^ pharynx jjrotuborances, the [diarynx is narrow in transverse 
section, figs. 12 and IH, and ‘‘ U ’’-shaped. When tl le divaricator muscles 
are relaxed, the flexible dorsal wall becomes closely adpressed against the 
ventral wall, completely closing the lumen. 

G. The Salivary Pvmp, 

i The salivary pump is a bell-shaped chitinous structure situated below the 
anterior end of the pharynx, being attached to the hypopharynx, vide fig. 2. 

In longitudinal section, vide fig, 1, it is seen to consist of a stont chitinous 
distal [)ortion, forming the handle of the Iwll. This is the pump-stern^ p.s. 
It widens out at its proximal end to “form a cup-shaped portion — ^the body of 
the bell — which is Hie pump-cy Under, p,c. These parts are perhaps better 
shown in vertical scKstion, fig. 23. 

The pump-cylinder is a thick-walled, cup-like structure, composed of thick 
chitin which encloses the pump-e1m,mher, pxh. 

The proximal wall of the eylindor consists of membranous chitin, which is 
continuous with the thick rim of the cup. This wall is usually seen with- 
drawn into the cylinder, so that only a small part of the chamber remains 
showing. Attached to this proximal wall is a small olulh-like tendon to 
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which the large pump-muscle, jp.m., is attsichod. This muscle when it 
contracts pulls out the proximal wall, thus enlarging the punip-chaniber, 
but in sections the muscle is always seen in the relaxed condition anti tlie 
pump-chamber is considerably reduced in size, and difficult to see. 

The panip'-stem is atfached at its distal end to the wall of the liypopharynx. 
It is compressed laterally, figs. 12-13. Two strong arms of chitiii extend 
troin it laterally and fuse with the lateral walls of the liypopharynx, thus 
affording a firmer sujiport for the ]>ump. 

A minute canal (figs. 12 and 13, the efferent mlimri/ canal^ extends 

through the dorsal jiart of tlie pump-stem, along wliich the saliva is con- 
ducted into the ejector camil^ e.t\^ formed by f.ho junction of the maxillary 
stylets. 

The efferent saltmrtf canal is continued beyond the pump-stem along the 
ventral wall of the small hyjiopharynx lip, being onclos<*d by this wall, and 
extends to its pointed extremity (figs. 1 and J 0-13, where it is con- 

tinued into a small ehitinous process. A similar |>rocess «‘xtends from the 
dorsal wall of <h<* lip. There is thus formed a V ’^-shaped cleft at the 
extremity of this structure, as is shown in fig. 25. As will ho shown later, 
the dorsal pr<K*ess forms the continuation of the pharyngeal canal, whieh 
leads into th(» suction canal formed hy the maxillary stylets. Similarly the 
ventral process enclosing the eflerent salivary canal leads into the ventral or 
(»jector canal formed hy the maxillary stylets. 

The salimry (glands* are situated above the i)eso|)luigus, and lie obliquely 
partly in the jirothorax and partly in the posterior region of the head, one 
pair on ea(da side of ilie median line. The salivarf/ duct from each pjiir passes 
beneath tlu^ thoracic ganglia, and both meet in the mciHan line at the infra- 
posterior region of the fore-head, where tliey Form a hulhous (expansion, c,s.d. 

From this structure a single median salitwy dvrt passes forward into tli(» 
fore-head. It becomes greatly reduced in size, and extending in the median 
lino beneath the salivary pump, turns upwards, forming an “S ’’-shaped 
flexure, and enters the puinp-cdmmher at the posi^ventral end of the 
pump-cylinder, as is shown in fig. 1. 

At the place of (uitry of the salivary dur.t into the iiump-ehainher, the 
walls are so arranged that they exert a valve-like action, th(' opening being 
controlled by two small bands of muscles, tlie ventral pump-^mm^cles^ 
figs. 1 & 2, and figs. 15-18. These muscles are attached, close together, 
to the wall at the place of entry, and extend backwards below the large 
pump-muscle, becoming attached to the ventral rods of chiiin. Tlie lumen 
of the salivary duct is extremely small. 

The exit opening from the pump-chamber is situated at the aiitero-dorsal 
end of the cylinder (fig. 1), and leads into the efferent mUv>arif canal, 
described above as passing through the pump-stem. * « 

* For further description of the salivary glands see Quart. Joum. Micr. Sci. vol. Iviii. 
a91S) p. 680. 
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H. Musculature of the Salivary Pump, 

The structure of tlie salivary pump is such that it acts as a force-pump, 
the working of which is controlled by the large spindle-shai)ed pumjhmuscle 
shown in fig. 1 and fig. 2, p,m. 

The pump-muscle is attached to the flexible, proximal wall of the cylinder 
and extends beneath the pharynx, towards the transverse plate of the ten- 
torium, being partly attached to the latter structure and partly to the stout 
ventral wall of the pharynx. It is divided for some distance along its 
length, as is seen in transverse sections. The musculature will be considered 
in more detail later. 

L llie Stylets. 

The stylets are situated Ixdow the pharynx, and consist of two anterior 
or dorsal stylets, the mamlihles (m.rf., fig. 3), and two posterior or ventral 
stylets, the ma,rUlary stylets (mx.s.^ fig. 2). 

They are withdrawn for some distance into the fore-head, being swollen 
in a club-shaped manner at their proximal ends. Distally they bt'ceino 
considerably reduced in size, and form long, needle-like structures which, 
passing through the buccal cavity, extend along the longitudinal proboscis 
groove. They are finely pointed at their distal extremities, rifle fig. 24. 

The stylets are hollow chitinous structures, which are continuous with the 
integument of the posterior end of the buccal cavity, lanng drawn inwards 
somewhat after the manner of an inverted finger of a glove, vide fig. 23. 
The cavity of the stylet-shaft is especially large in the swollen, proximal 
part. From tlie ])roximal end of each emerges the retort-shaped organ 
indicated in the series of transverse sections, md.o.^ mx.o. 

The relation of the stylets to other structures in the fore-head will be best 
understood from the serial sections, figs. 4-18, 


The maidllary stylets. 

The maaiUary stylets lie ventral to the mandibles, one on each side of the 
median lino, and are situated further hack. As they emerge into the buccal 
cavity they approximate towards each other, becoming considerably reduced 
in size. As is seen in fig. 23, the integument of the buccal cavity, which in 
this region is thin and membranous, is continued proxirnally along the shaft 
of the stylets, forming a sheath in which those structures are freely 
moveable. 

As the maxillary stylets enter the buccal cavity they lie one oh each side, 
along the internal lateral walls of the liypopharynx {fig. 15), fitting into 
a longitudinally running hay or groove. 



inSOHAinSM OF SUCTION IN SOHIZONBURA UANIOBRA. 


321 


Hnnning along the internal face of both stylets is a median longitudinal 
ridge. This causes two longitudinal grooves to bo formed, a dorsal and 
a ventral groove. 

As the stylets extend towards the extremity of the hypopharynx lip, they 
gradually approach towards the median line, the longitudinal ridge and 
the two grooves on the internal face becoming more pronounced. At the 
extremity of the hypopharynx lip tlioy meet in the median line, and 
the two internal faces become apposed. There is thus formed between tho 
stylets two longitudinal canals (figs. 8 and 9) whicib are more or less separabal 
by the close apposition of the two longitudinal ridges formed on the 
internal faces. 

1 have mentioned before that the tip of tho hypopharynx lip possesses 
a “ V ’’-shaped cleft, owing to tho slight prolongation of the two processes 
which support tho openings into the pharyngeal duct and efferent salivary 
canal. As will bo seen in fig. 9, the longitudinal ridges on tho inhirnal 
faces of the maxillary stylets fit into this “ V ’’-shaped cleft, and tlui dorsal 
and ventral canals formed l»y the junction of those stylets enclose the two 
processes, thus establishing direct (tonimnnication with the two canals and 
th(» pharyng<'al duct ainl (ftfereut salivary canal respectiAely. 

The maxillary styhds do not actually fuse when they meet, but towards 
th'i'ir extremity they appear to do so, although the lino of fusion is cleiirly 
marked. 

The compound stylet thus formed poss<«sos two well-marked canals, which 
run throughont its hmgth : — The dorsal .vwHon-ennal., n.,'., which convoys the 
plant-juices to the [>haryngaal duct, and thns into the pharynx and a ventral 
(ianal. The ventral canal i.s slightly .smaller : it is the saUmfy ejector canal, 
e.c., and convoys the saliva frotn the efierent salivary duct into tho tissues of 
the plant. 

Beyond the extremity of the hypopharynx lip, tho compound maxillary 
stylet is supported above in a deep groove on tho ventral face of the epi- 
pharynx, and below, by grooves on the internal walls of the maxillary 
scleriles. As is seen in figs. 7, 8, and 9, these surfaces are so arranged 
that the stylet fits snugly into tho grooves, being held firmly in position, 
at the same time having perfect freedom of movement for [jrotraction or 
retraction. 

Beyond tho region of the epipharynx the maxillary processes and the 
labrnm — which is grooved on its ventral face — afford a firm sn}>port for 
the stylets. 

Towards the extremity of the labrum the compound stylet enters into the 
longitudinal proboscis-groove and extends along it to the extremity of the 
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The mawillart/ levers. 

The maxUlary letters sire two curved rods of chitin which articulate one at 
the proximal end of eacih maxillary sclerite ; each passes into the fore-head, 
beneath the maxillary stylets (figs. 2 & 3, ma.h, an<l fig. 17), to the swollen 
proximal ends of which they become attached, thus afEording moveable 
supporting levers for those structures. The levers project a little way 
beyond the internal face of the stylets, as sliown in figs. 2 and 18, and thus 
afford attachment for some of the retractor muscle-bands, 

The mandibles. 

The anterior stylets arc the mandibles. They lie dorsal to the maxillary 
stylets, being tlisposed slightly further from the median line (fig. 3, ind.). 
Although slightly longer, they resemble the latter in general appearance, 
but remain separate throughout. As they enter the buccal cavity they 
approximate towards the median line, and extend above the maxillary stylets 
along the internal walls of the hypopharynx {ride figs. 4-14). 

Towards th (3 extremity of this structure the internal faces of the mandibles 
are somewhat co!icave, and fit clostdy against its lateral walls. Beyond the 
junction of the maxillary stylets the mamlibles lie by the side of the com- 
pound stylet, the internal concave faces of the former closely fitting against 
the convex outer faces of the latter. They then extend by the side of this 
stylet along the proboscis-groove. 

The mandibular levers. 

The mandibles are supported by two stout arms of chitin {md.L, fig. 3), 
which extend, one on each si<le of the fore-head, from the proximal end of 
the maxillary fold (fig. IG). They are mucli stronge.r than the maxillary 
levers. Each passes to the base of the mandibles, to which they become 
attached. 

J. Musmlature of the Stylets. 

The mandibles and maxillary stylets can be protracted or retracted by 
a system of protractor and retractor muscles. 

The retractor muscles of the mandibles are inserted ott the internal face, at 
the proximal end of those structures (fig. 3, md.re.^ and figs, 16-21), and 
extending backwards into the head, divide into two groups, one group 
becoming inserted along the antero-dorsal arms of the tentorium, the other 
on the transverse plate of chitin, at the base of these arms. 

The/^ro^mc^osr muscles^ md.pr.^ are inserted along the base of the mandibular 
lever, and pass forwards to become inserted along the pharyngeal struts. 

The retractor muscles of the macdllary stylets (fig. 2, and figs. 18-21* mw.re.) 
consist of two groups of muscles. One group is inserted on the internal face 
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of the proximal extfemity of each sfylet and passing backwards through 
tho head they become attached to the antero-ventral arms of tlie tentorium, 
at tho base of those structures where they join the transverse plate. 

Tho other group of muscles is smaller, and is attached to the projecting 
portion of the maxillary lever. The muscles from each lever extend laterally 
through tho head to become inserted on tlio antoro- ventral arms of the 
tentorium, at the place where that structure bends ^ into the forediead, vide 
figs. 2 and 18, mx^re. 

The large protractor muscles of the maxillary stylets arc inserted along the 
external face of the prolonged base of each stylet, and extend in an anterior 
direction to become inserted on the walls of the maxillary scloritos (fig. 23, 
mx,pr,). 

Musculature of the Head. 

T have shown that the fore-head freely articulates with the proximal 
portion of the head by means of a membranous chltinous fold. This allows 
the fore-head to be raised from the deflexod position it occupies in repose, 
to a position more or less at an angle to the body, which it occupies when 
the aphis is feeding. These movements are brought about by two sets of 
muscles, tho elevator muscles of the fore-head and the depressor muscles. 

Extending from tho transverse plate of chitin are two bands of muscles 
which pass througli tho proximal portion of tho head, in a postero-lateral 
direction, and become inserted on tho post-lateral border of the head, at its 
junction with tho prothorax. These muscles are not shown in fig. 1, as they 
are attached at tho ends of the transverse plate, and are not seen in median 
section. I have indicated them in the schematic text-figure 2, m,d,p, Wh(m 
those muscles contract they pull down tho transverse plate of tho tentorium, 
and as this structure, by means of the tentorial arms, is firmly attached to the 
tore-head, this latter structure is elevated from its doflexod position, f call 
these muscles therefore, tho elevator muscles of the f ore-head . 

The depressor muscles of the fore-head consist of two strong muscles which 
are attached, in the median lino, to the floor of that structure (figs. 18 & 19, 
m,df.). They diverge laterally, in a slightly posterior direction, and become 
inserted on the antero-ventral arras of tho tentorium. When the aphis has 

♦ Muir and Keishaw (1912) consider that the part of the stylets projecting- into tho bead 
and supporting the retractor and protractor muscles are chitinized tendons originating- “by 
the invagination of the ectoderm at the base of the setm, which becomes solid, or partly 
solid, by deposits of chitin.” As may he seen in fig, 23, the maxillary stylets ore apparently 
continued for some little distance into the head, thus afTording attachment for the muscles. 
This part is chitinous, and in the case of the mandibles the chitin possesses small chitinous 
papill®, which afford firm attachment for the retractor muscles. The base of tie ^tvlets 
seems to be continued into the head for a short distance beyond the continuation of the 
integument of the buccal cavity, thus aflording an attachment for the muscles. 

LINK. tTOUKN.— ZOOLOGY. VOL. XXXU. 28 
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finished {eeding, and these muscles contract, the fore-head is pulled back 
into the normal defloxed position. 

There are two other bands of muscles attached to the ends of the transverse 
plate of chitin (text-fig. 2, m,e,p.). They extend through the head, almost 
parallel, in a plane continuous with that of the large pump-muscle, and 
are inserted on the wall of the head. These are the elevator muscles oj 
the transverse plate. From their position the function undoubtedly is to 
counteract the pull on this structure, of the large puinp-muscle and the 
retractor muscles of the stylets. 

I have shown that the salivary pump is held firmly in position by chitinous 
supports. When the large pump-muscle contracts, thus operating on the 
proximal wall of the pump cylinder, there must be also a considerable pull 
on the transverse plate, and if this structure were allowed to be pulled in the 
direction of the pump, the muscle would be deprived of a considerable 
amount of its force exerted on the pump. This is overcome by the action of 
the elevator muscles of the transverse plate. When these muscles contract 
they exert a pull along the same plane as the pump-muscle, but in the 
opposite direction. 

L. How Suction is accomplished. 

I have indicated when describing the anatomy of the mouth-parts how 
the plant-juices are conveyed into the pharynx, and how the saliva is 
conveyed into the plant-tissues. 

I shall now give a concise account of the way it seems to me the mouth- 
parts work during the operation of feeding. 

Owing to the minute structure concerned it has not been possible to work 
the parts experimentally, or to observe them working in the living insect, so 
that the following conclusions have been arrived at by means of a careful 
study of the anatomy, and especially the distribution of the muscles. 

• The proboscis is raised from the body, and a suitable part of the plant-host 
is selected in which to insert the stylets. The distal article of the proboscis 
is freely moveable, and exerts a tactile function by means of the tactile hairs 
on its extremity. 

The fore-head is also raised from its deflexed position; by the contraction 
of the two elevator muscles of the fore-head (m.d.p.). The stylets lie 
along the longitudinal groove on the anterior face of the labium, to which 
the labrum is closely adpressed. 

The' fore-head and proboscis are now in the position for the working of 
the stylets. 

By means of the large protractor muscles (fig, 23, mw.pr.), the compound 
maxillary stylet is forced into the tissues of the plant. TWs stylet, as has 
been described above, is held firmly in position by the d<*ep grooves bn the 
interna] face of the epi pharynx and labrum and the grooves on the internal 
walls of tiEffc maxillary sclerites. Proxiinally, before they come together, the 
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two maxillary stylets work smoothly along the internal walls of the hypo- 
pharynx. As they lie along the proboscis-groove, they are held in position 
at the extremity of the, proboscis by the folding over of the walls of the 
groove, which thus forms a tube through which the stylets pass into the 
plant. 


Text-fig. 2, 



Schematic longitudinal section through the head, showing relation of parts. X ICO* 
The stjlets have not been shown, in order to avoid confusion. The working of these 
structures will be readily understood from figs. 2 and 3. 

At the same time the large protractor muscles of the mandibles (md.pr.) 
contract, and pull down the mandibular levers, so that the mandibles are 
. also forced into the plant *. 

e From examination of some sections of plant tissues with the stylets in position (Aphis 
rumieis on Chenopoditem aihum), the stylets were found to pass between the^-ortical cells 
in a more or less irregular course to the vascular bundles. ^ 


28 * 
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During Iho ins^irtion of the stylets, the proximal part of the proboscis is 
withdrawn into the body by the protractor muscles (nupr.). This enables 
tlae stylets to be forced deeper into the tissues of the plant ; at the same time 
they are strengthened by being supported outside the plant in the proboscis- 
groove. T have indicated above, that the proximal end of the proboscis is 
very thin and membranous, which allows it to be readily retracted. 

The tnandibles remain free throughout, although they are closely apposed 
to the compound maxillary stylc^t, and strengthen this structure during the 
piercing of the plant-tissues. 

When the stylets havt? beem forceJ into the desired part of the plant- 
tissu(?s, suction cominonces. 

Owing to the very minute lumen composing the suction-canal, it is 
very j)robablc that iho plant-juices ascend up this (janal, largely by mejins of 
<5apillarity, and there is the farther factor of the pressure of the sap itself. 

As the divaricator muscles of the pharynx contract, they pull out. the 
* flexible, dorsal wall of the pharynx, thus greatly enlarging the lumen of that 
stnictnn^. This eaus<'s a sucking action, unci as the plant-juices make tbeir 
way from the sucdion-canal u|> the pharyngeal duct, they are drawn from the 
latter duct into the pharynx proper. 

The divaricator muscles acting on the posterior half of the j)harynx arc^ not 
HO strong as those acting on the anterior half. I havcj shown that tlie stout, 
ventral wall of th(5 ]>harynx between the jdiarynx protuheranoes is doej)ly 
concave, so that wluui the divaricaitor muscles of this })art are relaxed tlie 
dorsal wall becom<*.s ad pressed to the ventral wall and practically occludes 
the entrance from tlie jiharyngoal <luet. As the other divaricator muscles 
are relaxed the dorsaJ wall tends to regain its original position by virtue of 
its own elastieily, and as a result, the lumen being considerably reduced in 
size, the juices are forced backwards into the (esophagus, and tlius into tlie 
stomacli. At the cmtrance of the (esophagus into the stomach, there is 
formed a w(ill-d<dined (eso]iliag<;al valve, which prevents regurgitation of the 
food into the pharynx 

The working of the salivary pnnip is produced by the large pump-muscle, 
p,m, Whem this mnscl(‘ contracts, the proximal wall of the pimip-cy Under 
is pulled out (fig. 28), thus enlarging, the lumen of the pump-chamber. By 
the contraction of the*, small ventral muscles, fig. 25, w.w., the entrance from 
the median salivary duct into the pump-chamber is opened and the saliva 
passes into the pump-chamber. 

It will he noticed in fig. 23 that the thick proximal rim of the pump- 
cylinder, which is slightly intnrned, is also pulled out, and the strong walls 
of that structure are thus 'forced outwards, which is rendered possible by the 
elasticity of the thick chitin. It is for this reason that the pump-muscle is 


* Pavidson, J., Quart. Joura. Micr. Sci. vol, Ivili. (1918) p, 689, 
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SO powerful, as the force required to squeeze out, the walls of the cylinder 
must be very considerable. The resulting pull on the transvijrse plate of the 
tentorium must bo very great, and to countxjraci this there are th(» two 
elevator muscles of that structure, m.e.p. These muscles exert a pull in th<^ 
same plane as the pump-muscle, but in the opposite direction. 

If the only function of the pump-muscle were to pull out ihv, flexible 
])roximal wall such groat force would not be needed. Furiher, it is very 
improbable that the return of this wall would give sufticient forct; to proj)el 
the saliva from the pump-chamber, along the minute elferent salivary canal, 
and then down the ejector canal formed between the maxillary stylets. 

When the saliva has collected in the punij)-chamber the small ventral 
muscles (r.m.) are relaxed and the opening from the median >alivary duct 
(alTerent canal) is closed. The large pump-muscle is then r(;In\ed imd the 
walls of the pump-chamber return to their normal |)Osition. Tin? force of 
the contracting walls of the cylinder is such that the saliva is forcinl into tlu‘ 
efferemt canal, down into tlu^ ejcictor canal. The flexible proximal wall of 
the cylinder gradually returns to its normal position and ilio cavily of IJkj 
chamber is considerably reduced in size, the conlc'ids being foieetl dow n the 
salivary ejector canal into the tissues of the plan! at tlie (^xtnunily of tli(‘ 
compound maxillary stylet as explained above. Wlion the (‘liamb(‘r is 
emptied, the process is repeated as before. 

As regards the function of the saliva 1 am not able at pn‘seid lo say any- 
thing definite. Meek (190IJ) remarks that tins saliva of llemiptera is alkaline, 
and has the power of changing starch into sugar. He ref<u's to l.h(» work uf 
Plateau (1^74), ‘lleclierches sur les Plieiiononieno de la Digestion eJiez Ics 
lusectes,’ who bolds that primarily the saliva serves as a digestive! fluid. 

It may he, cmisidering the extreme minuteness of th<* suction canal, that 
the ascent of the cell-sap along this canal is largely due to capillarity, aij<l 
that the addition of the saliva causes the surface-tension of the sap to he 
lowered, thus facilitating its ascent up the suction-canal. 

When suction is finished the pump-muscles and the j)rotructor muscles of 
the stylets are relaxed, the stylets being withdrawn from the tissues of the 
plant by the contraction of the retractor muscles md.n\^ nu,re. The 
integument at the posterior end of the buccal cavity is thin and flexible, thus 
allowing the stylets to be withdrawn for some dislunci! into the lujad, into a 
kind of intogumontal sheath. The pull exerted on the tentorial arms by the 
retractor muscles is largely counteracted by the two elevator muscles of the 
transverse plate. 

When the stylets are withdrawn from the plant the proboscis inusch's ar<j 
relaxed and that structure returns to its normal position of repose. Similarly 
the depressor muscles of the head pull the fore-bead into its normal deflexed 
position. 
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EXPLANATION OF THE PLATES. 
liefeiwce letterimj. 


a.d. Aiitero-dorsnl arm*^ of I lit* fen- 
toriiim. 

a, v. Antero-veiitral arms of the ten- 

torium. 

<?./. 'riiin cliitinouH fold joiniiip: Ibi-e- 
liead to epicrauiuni. 
ant, Antenua. 

h.v, Bucral cavity. I 

b. f. Buccal fold. I 

cep. Stout chitinous iiiaijs iornied at i 

the begiiiuiiiij of the pliaryiiv i 

by junction of clypeal folds 
and iiitoinal walls of bypo- 
plmrynx. 

c, »,d, rominon median salivary duct. 

cl Clypeiis. 
cl.f, Clypoal fold. 
cl.l, CI3 peo-labrum. 
c/«j. (''lypeal sclerile, 
cmn. tEsopbajieal connective joining 
supra- and sub-OBSophugoal 
ganglia. 

d. m, DivaHcator muscles of pharynx. 

e, c, JOjector canal (siilivnry) formed by 

int'eting of maxillary stylets, 
epe. Proximal part of bead (opi- 
craninni). 
ep Epipharynx. 

ip,yr. Longitudinal groove on epipba- 
rynx. 

/./*. Ventral wall or lloor of fore-head. 

f, h. Fat-body cells. 
y.v, Oustatory organ. 

hs, Hypodomiis. 
hyp. Hypopharyiix. 
hyp,l, Ilypopbarynx lip. 

Ibr, Labmm. 

Wm, Labium. 

lhr,g. Longitudinal groove on labrum. 
liir.g. Longitudinal groove on proboscis. 

Lw, Tbin post-lateral walls of bead. 
md. Mandibles. 
mdd. Mandibular lover. 
tiid,pr. Protractor muscles of mandibles, 
md.ra. Retractor muscles of mandibles, 
attached to aniero-dorsal arms. 


nuV,ie, Retractor muscles of mandibles^ 
attached to triins\ ers« plate. 
mA,f, J)ej)iessor miiscdes of fore-bead. 
m.d.p. Elevator musclos ot fore-b<*ad. 
md,o, Retoit-sbajied oigans of man- 
dibles, 

mx,8. Maxillary stylets. 
me, re, Hetractor muscles of inaxiUaiy 
styl(»ts, attached to transverse 
plate. 

nix', re, Heti actor muscles t»f mavillarj 
sl3lt‘ts, nttaebed to anlero-ven- 
iral arms. 

mi,p. Maxillary processes. 
mi.se. Maxillary sclerite. 
mx.l. Maxillary lever. 
mi.f. Mnxillary folds. 
nu ,sk. Integument of buecal cavity form- 
ing a sheath round st^lels. 

7 itx .0, Retort-shaped organs of maxillary 
stylets. 

tnx.pr. Protractor muscles of maxillary 
stylets. 

fn,l. Median vertical tendon to which 
the divaricatoi pharyngeal mus- 
cles are attached. 

m,e.p. Elevator muscles of transverse 
plate. 

cea, (Esophagus. 

p,c. Pump-cylinder enclosing pump- 
chamber. 

p.eh, l*ump-chamber. 

2f,m, Pump-musclc. 
p.w. Post-dorsal wall of clypeiis (fore- 
head). 

pp. Pharynx protuberances. 
p.v.w. Post-ventnd border of fore-head. 
ph. Pharynx. 

ph,d, I’haryngeal duct leading from 
the suction-canal into phaiyux 
proper. * 

ph,o. End of phaiynx and beginning of 
oesophagus. 

pr.w. Flexible proximal wall of labium. 
pr. Labium (proboscis). 
p.s. Pump-stem. 
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l}6t luecrtion of j)uinp-niUHclt' on tlie 
iloxible proximal wall of salivary 
pump. 

qa. Supra-ODBopha^^oal ganglion, 
s.c*. Suction-canal lorinod botwuon the 
maxillary at} lets and leading 
into plior^ngoal duct. 
h,e,d, Eilbreiit salivary duct leading 
from salivary cliambcr into the 
solivary ejecior-cunul foriiiod 
betweou the maxillary stylets. 
».p. Salivary pump. 


tjl p. Posterior salivary gland. 
tp, l^rausverse obitinous plate of oudo> 
sheleton. 

tKga. Thonicic ganglia, 
u.r. Ventral lods of chitiu extending 
from posterior angles of the 
buccal iolds. 

r.m. Small vential muscles of salivary 
pump, which art on the opening 
of the salivary duct into the 
puiup-chamb(T. 


Pl.ATf5 24. 

Fig 1. Mfrdian longitiidinai i^ectlon thiiuigh the head, slightly schematised, showing 
salivary puni]), phur\nx, etc. X (100. The indicating lines at the side indicate 
the plane through which the tiansvoi so serial sections iigs 1-22 have passed; 
the numbers refer to the number of the transverse section given Figure drawn 
in outline from longitudinal section with Camera lucida. 

2. Fore-head, ventral view, showing stjlets, musculature, etc . — Nate I'he maxillary 
Hclcrites really come close together lu the median lino over th(‘ lu po])haryiix lip, 
but they are shown displaced from the median Inu bO as to show the underlying 
hypopharynx lip. The lines at the side iudi(‘ate the plane of the seriai sections 
as in tig. 1. Figure drawn fxoni potash prepaiatiou. 
d. Fore-head, dorsal view, showing mandibles, luusculaturu, and eudoskolotoii. Side- 
lines indicati* as in tig. 1. Figure drawn from cleared preparation. ^J'ho length 
18 increased sliglitly out ol pioportion so as to show the autero-dorbal arms. 

Figs. 4 II. Tiansverse sect ions thioiigh foie-heud (f. c. at right angles to its longer axis), 
in planes indicated side-lines in figs. i-d. x 1245. 

23 Vortical section through fore-hcod, showdug salivary pump and maxillary stylets. 
X 300. 


Plats 25 . 

Figs 12 14. Continuation of the same series of transverse sections. 

15 22. Transverse sections through fore-head in planes indicated t>y side-lines in 
iigs. 1-3. Couiinuation of same series. X 450. 

Fig. 21. (a) Extremity of compound maxillary stylet, showing two canals, x 1250. 

{b) ExU’emity of mandible, x 1250. * 

25. Longitudinal section, almost median, showing gustatory organ and its relation to 
perforated epipharynx Stained with hiomatoxyliu and orange G. X 450. Thu 
section is not quite median. 
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ON A NEW AMPHirODAN (iBNUS AND SVECJES. 


A New Aiu{)hijK)(lan tJomis uiul Species (Family iJexaminidje) troin New 
Zealand. By (UiAJtLES Chilton, M.A., D.Sc., JjIj.J)., M.B., 
F.L.S., Professor of Biology, Canterbury College, New Zealand. 

(Plates 26 & 27.) 

[Head :^jid April, 1914.] 


Thk Arnpliijiod described in iliis paper was taken on seawoo«l in rock-pools 
at Oaniaru, on the East Coast of Otago, New Zealand, in June 1908, and 
from its bright red colour and conspicuous appearance was at once seen to 
be diffonait from any of the Aniphipoda so far described from New Ziialaud. 

On examination, it |)roves to agree with the eharacjters of tlie family 
D(‘xaminidao as given by the liev. T. U. R. Stebbing in ^ Das Tierreich: 
Aniphipoda,’ except in the following points : — 

(1) The second joint of the peduncle of the upper antenna is not specially 
long. 

(2^ Tlio inner lobo of the socoad aiaxilk is sjwirsply IVingod with sotaj 
along the groator part of its inner margin us well iis at the extremity. 

Probably noitber of those points is of sufficient importance to be included 
in tlio diagnosis of tlic family. The second joint of the peduncle of tbo uj»j)er 
antenna varies considerably in length in different sj>ecimens of the s[»ocios 
Paradeimmiiie panjica (Q. M. Thomson) (see tUiilton, 11)12, p. 502); in 
P.JUtulersi (Stebbing) (15)10, p. 603) it is slightly shorter than the first 
segment, and should perhaps not therefore ho called long, and .similarly in 
Guemea coalita (Norman) it is shorter than the first which is described as 
“not much longer than the second'* (Stebbing, 1906, p. 522). The second 
character also does not hold for all species of the family. tJbevreux (1913, 
p. 181) has pointed out that in the species named by him PanuUminine 
fisskauda the inner lobe of the second maxilla has its inner imirgin fringed 
with setffl ; I found this also to bo the case with siwcimens from the Soutli 
Orkneys, collected by the “ Scotia*’ Expedition, which 1 (1912, p. 502) 
referred to P. paeifiea (G. M. Thomson), a species from which' I consider 
F.fismeavda to bo hardly distinct; in Now Zealand specimens of i*. padjica, 
however, the set© are almost confined to the extremity. In Polychena 
antaraim (Stebbing) there are a few set© on the inner margin of the inner 
plate (Stebbing, 1906, p. 520). 

I have found it impossible to refer the species described below to any of 
the existing genera of the Dexaminid©. According to the characters given in 
■the “ Synopsis of Genera *’ by Stebbing (1906, p. 514), it would have to come 
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neur to Paradexamine^ but it differs distinctly from that genus in the 
character of the mandible, which shows no denttite cutting-edge, spine-row, 
nor distinguishable molar, and therefore appears to be similar to the 
mandible of Gtiernea^ a genus distinguished from Paradexamine by the two- 
jointed palp of the first maxilla, and by other characters. 

In the lower lip, again, my species resembles Giternea coalita (Norman) in 
having the priimipal lobes with an acute apex and the mandibular processes 
obsolete. There seems to be some approach to this character in Pam- 
dexaminej for in describing P. fissicauda^ Chevreux (1906, p. 90) says 
“ Les lobes latcraux de la levre postorieiire portent une petite dent au bord 
interne.'* This little tooth, however, seems to be rather different from the 
acute apex to tho lobe in the species described below ; in a dissection of one 
of the specimens of the Paradexamine from the South Orkneys (mentioned 
above), there is on one side a tooth, apparently as figured by Chevreux, it is 
narrow and stands out like a little tooth or process from the general out- 
line of the lobe, and there is a smaller and shorter process situated more 
proximally on the inner margin; on tho other side of the appendage this 
second process is present, but the other, nearer the apex of the lobe, is 
not apparent in the preparation. 

I have, therefore, decided to establish for my species a new genus, which 
1 propose to name Syadexamine^ and which may be defined as follows : — 

Syndbxaminb, nov. gen. 

Upper antenna longer than the lower ; palp of the inaxillipeds four-jointed ; 
lower lip with inner lobes well-developed, principal lobes with an acute apex ; 
mandibular processes obsolete ; mandibles with cutting-edge rounded and 
entire, no apparent spine-row, nor definite molar ; palp of first maxilla one- 
jointed. In other characters, similar on the whole to Paradexamine. 

Syndexamine oarinata, sp. nov. (Plates 26 & 27 .) 

Spedfie description Permon robust, dorsally rounded anteriorly, laterally 
compressed and slightly carinate in the last one or two segments. Pleon 
carinate, segments 1 to 3 each produced dorsally into* a strong keel ending 
posteriorly subacutely ; segment 4 with a dorsal keel on posterior part of the 
segment, the dorsal margin of the keel dorsally rounded in front and ending 
somewhat acutely behind. None of the segments of permon or pleon pro- 
duced iuto dorsal or lateral teeth. Head slightly longer than the first and 
second segments of the perseon combined ; dorsal surface convex so that the 
anterior part is depressed ; rostrum very short and blunt at apex. Pleon 
segment 3 with postero-lateral angle acute and- slightly produced ; the 
combined 5tb and 6th segments bearing a group of three or four stout 
spinules at the base of the telson, and one lateral spinule more anteriorly and 
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ill a line with the biagle spinule on the 4th vseginent. Eye of moderate size, 
of many facets, rounded or slightly oval. Side plates 1-4 of about equal 
depths, not so deep as their respective segments ; the anterior lobe of the 5th 
si<le plate small ; 6th and 7th side jdates subquadraiigular with posterior 
margins rounded. 

Upper antenna about two-thirds as long as the body, much longer than the 
lower antenna ; peduncle with first joint stout, bearing below numerous 
strong spines, second segment about two-thirds the length of the first with a 
grou|) of three stout spines on lower surface about one-third the length from 
the base, third segment short, nearly similar to the joints of the flagellum; 
flagellum more than twice as long as the peduncle and of many joints. 
Antenna 2 with fourth joint much the longest, armed above and below with 
stout spinules, flith joint less than half as long as the fourth ; Hagelluin many- 
joiiited, longer than peduncle. First and second gnathopods eijual in size 
and similar in sha[)e, carpus about us long and broad as propod ; the latter 
ovoid with the palm oblique, straight or slightly concave, defined by one or 
two stout spinules. All the permojmda with the dactyl particularly strong 
and bent back upon the propod, which bears three groups of stout spines, the 
whole forming an effective grasping organ. Third uropod reaching beyond 
the end of the second uropod and of the telson, its two branches broadly 
lanceolate, each with both margins armed with stout spinules. Telson nar- 
rowing distally, cleft for rather more than two-thirds its length, each lobe 
with a stout spinule at the end and two or (hree on the lateral margin. 

(Colour. — Bright red, eyes red. 

Length of largest specimem (in position in which it is drawn) 9 min. 

//a/j. Oamaru, on East (Joast of South Island of Now Zealand, four speci- 
mens; one small immature specimen from Lyttelton Harbour. 

General Description. 

In most of the characters this species presents a fairly close resemblance 
to species of DeMmine and Paradexamine^ though, as seen from the generic 
description, it combines characters belonging to different genera. The 
general shape and cariiiation of the body is not unlike that of />. spinosa 
(except that none of the segments is produced into teeth), while the carina 
on the fourth pleoii segment is almost the same in outline as that of D. spini- 
ventris (A. (Josta). The integument seems particularly hard and firm. I 
give the following general description of the different appendages for 
comparison ith other species. 

The upper antenna (Plate 26. fig. 2) is about iwo-thirds the length of the 
body, and has the first joint longer and broader than the second and fringed 
with about a dozen stout spinules on the distal half of the lower margin ; the 
second joint has a group of three similar spinules about oue-third its length 
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I'rom tLo hsiso ou tho lower uiargiii, and one or two small seta? placed more 
distally ; the third joint is small and hardly differs from the first segment of 
the flagellum which is long, confining about 40 joints. 

The lower antenna (fig. 3) is much shorter than the upper and has the 
[)en ultimate joint of the jieduncle longer than any of the others and provided 
with groups of spines (m both upper and lower margins ; the last joint of the 
peduncle is not much more tlian a third the length of the preceding one 
and bears only two small sehc at the dishil end ; the flagellum is much 
longer than the peduncle and contains about 25 joints. 

The upper Up (fig. 4) is of the normal form, with its free surface regularly 
convex and bearing a few short seta). 

The mandible (fig. 5) differs very greatl}^ from that of f)e,mmine or Para- 
deAUimini\ hut ajipears to he similar to that of (hiernea coalita (Norman) as 
described and figured by Della Valle (1893, p. 570) i there is no palp, ilio 
part corresponding to the cutting-edge is strongly chiiinised but is destitute 
of teeth and has the margin quite entire. There is no appearance of a spine- 
row nor of a molar ; there is a small rounded protuhejanee which may 
|K)8sil)ly represent the accessory plate, but tJiis has rounded entire margins 
without any appearance of teeth. The right and left mandibles appear to be 
similar. 

The lower lip (fig. fi) appears to be similar to that of Gnernea^ the inner 
lobes being fairly well developed and apparently somewhat irregularly iohed 
at the extremities; the principal lobes end in a small acute process which 
seems to he thin mid delicate, the outer margins are rounded and there are no 
inuudihular processes. 

In the Jirst maxilla (fig. 7) the inner lobe is small and bears two sctjc, the 
outer lobe liears about a dozen strong spines most of which are more or loss 
dentate ; the pal() consists of one joint only, fairly broad, appearing to have 
the same shape in hotli maxillao, and fringed with setm at the extremity and 
along the distal portion of the inner margin. 

The second maxilla (fig. 8) has the inner lobe shorter and narrower than 
the outer, with soto along the greater part of its inner margin, hut more 
numerous towards the extremity. 

In the maxillipeds (fig. 9) the inner plate is small,, rectangular, ending in 
a few long seta). The outer [)lato is large but does not rf)ach quite to the 
end of the j>alp. Its inner margin bears numerous stout spines which 
become longer towards the extremity and gradually pass into the more 
slender set® on fih« extremity and distal portion of the outer margin; the 
palp consists of four joints of the usual shape, the terminal one being quite 
small but distinct. 

The first gnathopods (Plate 27. fig. 10) have the basal joint long and 
bearing numerous long setro near its anterior margin ; the carpus is fully 
as long as tile propod, widens distally and bears three distinct tufts of stout 
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sete and a few smaller ones on the posterior inarffin, and a j^roup of long 
8ota3 at the antero-distal angle; the propod is slightly narrower at the 
base than the carpus, it narrows distjilly and has the palm ohli<pio, straight, 
or slightly concave, dcHnod l)y two stont s])ines, and fringed with slender 
seta', on the anterior margin Ihc're are thn'o ol)hV|iJ(*]y transvers(^ rows of 
setao and along the centre of the lateral surface a long row of short s(da'. 
The arrangement of the seta? on the propod is practically the same as iliat 
in Parademmme paci/fca (G. M. Thomson). 

The second (jnathoiiod is almost identical in size and form with the first. 

Tho first pernopod (fig, 11) has the side plate convex in front and slighlly 
coneav(^ bi'hind, tho limb is short and stout, the carpus less than half as long 
as the jU'opod, the dactyl particularly strong, about two-tliirds as long as the 
jiropod and bent back upon it so as to form with the three groups of spines 
on tho i>ropod a very efficient grasping organ. 

Tho pertropod (tig. 12) is similar but has the side plate broader 

and produceil at lh(^ lower postmdor angle into a broad rounded lobe. 

The third pera opod (tig. 13) is considerably longer than tho preceding one, 
its side-plate lias th<i anhudor lobe produced downwards below the posterior 
lobe which b(‘.ars two or Ihree small sjnnes on its lower margin, the second 
joint is moderately broad, its anlerior margin slightly convex and bearing- 
six groups of short stout spim's, posterior margin nearly straight and without 
spines ; car[)iis shorter ihan fhe propod ; the latter and tlie dactyl are similar 
to (hose of tho preceding perieopoda. 

Tho fourth penropod. (fig. 14) is similar to the third but slightly longer 
and has tlu' posterior margin of the second joint slightly convex. 

^\^\\oJtfth penropod (fig. 15) is similar to the jireceding, but has the secoml 
joini. narrower and il.s posb'rior margin slightly concave. 

The uropoda (figs. Ki, 17, 18, IS a) are similar in character h> those found 
in other species of the Doxaminida', tlie first pair reaches a little beyond tlu' 
extremity of tin* second am! as far as the end of the third, the end of th(‘ 
setiond uroiioda being on the h^vel with the eml of the lelson. The pro- 
portions of the peduncles and their rami and th<^ arrangement of the spines 
thereon will he best learnt from the figures ; in the third uropoda (figs. 18 & 
18 a) there is a grou[> of stout spines at the distal ojul of th(3 uj»j)er margin 
of the peduncle; the two rami are lancctdate and end acut(dy in the usual 
manner, and bear numerous sj)ines on (^acli margin. 

The teho7i (fig. lU) has the normal shape, it is cleft for mon' than two- 
thirds of its length, narrows greatly tow^ards the extremity, eacli lobe has 
a stout s[)ine at the end an<l two or three sirnihir spines at the lateral 
margin ; in the specimen figunal there are throe on one sid(^ and only I wo 
on the other. 
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EXPLANATION OF THE PLATES. 

Plate 26. 

Syndexamme carinata, nov. gen. ot sp. 

Fig. 1. Side view of whole annual, X about 10 times. 

2. Upper antenna. 

3. Lower antenna. 

4. Upper lip. 

5. Mandible. 

6. Lower lip. 

7. First maxilla. 

8. Second maxilla. 

9. Maxilliped. 

(All the moutli-parts are drawn to the same scale, the antennie 
are less highly magnified.) 

Plats 27. 

Syndic amine carinaUi, nov. gen. et pp. 

Fig. 10. First gnathopod. 

11. First perieopod. 

12. Second perieopod. 

IS. Third permopod. 

14. Fourth perasopod. 

15. Fifth persaopod. 

10. First uropod. 

17. Second uropod. 

18. Third uropod. (Side view.) 

18 K. Third uropod, (Seen from above.) 

19. Telson. 

(The peneopods are all drawn to the same scale, and are less highly 
magnified than the first gnathopod and the uropods and telson.) 
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Results of Crossing Euschidus vanolarius and Evschidvs sei'vus with 
reference to tlie Inheritance of an Exclusively Male Character. By 
Katharine Foot and E. C. Strobell. (Coinniunicated l)y Prof. 
B. B. PouLTON, F.B.S., Pres.L.S.) 

(Plates 28 -34, and 2 Text-figures.) 

[Read fith March, 1914.] 

EuscmsTva vAmozAniua has an exclusively male character which is not 
present in Euschidus servus^ and it was the hope of being able to study 
the transmission of this character, and its bearing on modern cliroinosome 
theories, that led us to attempt to cross ihese two species 

This specific character is a distinct black spot on the male genital segment 
of E. variolarias^ and as there is no spot on the genital segmcjitof the female 
(text-fig. 1), this spot in E. variolarius is an exclusively male character. 

Fig. 1. 



EmchistuH vanolarius J. A comparison of this sketch with the male variolar ius of 
photo 1 (PI. 28.), will show the marked difiercnce in the form of the genital segment 
of the two sexes, and will demonstrate that the genital spot characteristic of the male 
could not appear in the female without a modification of the entire genital segment. 

The two species {variolarius and serims) are shown in photo 1 (PI. 28). 
On the left is a male variolarius^ and on the right a male servus. The spot 
on the male genital segment of tnriolarius is clearly demonstrated, and the 
complete absence of such a spot on the male genital segment of serims is 
clearly shown. This spot in variolarius is a constant character : it appears as 
distinctly in all the males of this aj>ecies as in the seven specimens shown in 
photo 2. Five male specimens of E. servus are shown in photo 3 (PI. 30 ). 

The diflSculties involved in raising Hemiptera in captivity are serious. 
For five consecutive summers we have experimented raising several species 

• The R vanolarius J used for the cross-breeding experiments was raised in our 
laboratory from material we collected at Eidgefield, Connecticut, and 4:he R servus were 
collected at Southern Pines, North Carolina, by llev. A, H. Mauee. ^ 
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in our laboratory, aiming to learn to raise these bugs with as low a death-rate 
as possible, and it was not until after three years of experimenting that we 
felt it would be safe to attempt to Oross two or more of these species. The 
three most troublesome problems in this work wore to provide the pro|>er food, 
to use cages well adapted for cleanliness and observation, and to maintain the 
right degree of moisture. The bugs must have not only abundant food, but 
it must be fresh and clean, and these conditions can be successfully met only 
by frequently transferring the insects to clean cages with fresh food. This 
should be done at least every third day, or, better still, every socond day. 
Wo were forced to do this work ourselves, for rjiising the nym])hs demands 
such delicate care that we were unable to entrust it to an assistant. It 
proved to be an arduous task during part of the breeding season, when, in 
our experiiTumts, we found it necessary to change the food for more than 
30 cages each day. 

The cages we used for the a<lult bugs were glass dishes about 6 inches in 
diameter and 3 inches deep. The covers were of coarse brass wire mesh, 
carefully designed to prevent the possibility of tlui tarsi of the bugs being 
caught at any point where the brass cover comes in contact with the glass 
dish (text-fig. 2). Until we were able to design iliese covers the bugs were 


Pig. 2. 



^ 

Cage designed to prevent the insects from catching the tarsi at the point of contoct between 
the. glass dish and the metal top. The spaces marked A and U are large enough to 
allow the legs U* move about fret^ly, but are too small to admit any part of the body, 

frequently mutilated, for if the tarsus is caught, the entire leg of the bug is 
sacrificed, for the leg always gives way at the proximal end of the femur. 

Such mutilation apparently does not seriously interfere with the functional 
activity of the bugs, for in one case a female that had lost three legs 
continued to mate and lay eggs quite normally. The greatest danger lies in 
the fact that a bug in this mutilated condition cannot always regain its 
normal position if it has, by olianco, dropped on its back, for in this position 
even the adult bugs frequently die in a few hours. 

The food chosen for our experiments was wheat and orchard grass while 
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they lasted, and later in the season timothy heads and berries. The former 
were placed in the cage in two small hanchos, ouch containing not more than 
five heads, cut to about 3 inches in length and the stems tightly wrapped 
together in wet absorbent cotton. IE the cotton is kept wot, the food will 
koep-quito fresh for throe days. 

When bkackberrios were used, they were not ijluckod from the stems, but 
small sprays with berries were select(‘d, cut in lengths of 3 inches, and the 
stems wrapped in wot cotton. All the leaves were carefully trimmed from 
each spray, and only one large, or two small sprays were used in each cage. 
The loaves must be cut off because they hide (he bugs, and they are of no 
value as food — becoming dry in a few hours. It is very important to place 
the food in the cages in such a way that every bug can be seen at any time 
and closely watched. When we used strawberries or cherries, wo suspended 
them by their stems from the wire tops of the cage. Frequently wo used 
the tips of young milk-weed, for we found that the bugs in captivity often 
de])osit their eggs »ui the under side of these leaves, though we have never 
fouml any deposited on milk- weed in nature. In order to be sure 
that all the eggs of our experiments were deposited by the bugs wo 
had under observation, no fresh food was ever placed in the cages 
without being carefully examined to be sure that no eggs of a kindred 
species were by any chance brought into the cages. If, however, the 
food is ebangod every third day, this danger is practically eliminated, for the 
eggs of this species require only from 5 to 7 days to hatch, and unless any 
alien eggs were d<iposited on the food the same day it was put in the cage, 
such a jnistake would bo very readily detected. This particular risk to our 
experiments was reduced to a minimum in the season of 1912, for the 
locality wher<} we spout the summer was not only an unfavourable one for 
Hemiptera, but the excej)tional cold of the preceding winter had made the 
locality even more than usually unfavourable. During the entire summer 
we succeeded in finding only two specimens of JSuschistus variolarius, though 
we constantly searched the wheat lields, berry bushes, &c. 

If the food is properly placed in the cages, the bugs can be kept under 
constant observation. We have frequently watched them deposit their eggs, 
and were able to note approximately the length of time of each mating. The 
number of bugs in each cage must necessarily bo limited, or accurate 
observation is impossible. As a rale we never placed more than four pairs 
in a cage, and as soon as a pair was found mating, they were transferred 
at once to a separate cage, in which they were kept isolated for the entire 
breeding season. Thus, for the important experiments, a single pair of bugs 
was confined in one cage, and each mating and the deposition of each batch 
of oggs could be accurately noted. 

The cages suitable for the adult bugs are of course not suitable for 
the larval stages, unless a much finer wire mesh is used for the cover. 
After various experiments we found wet chamber dishes the most satisfactory 
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cnge for the nymphs, care being taken to select a size deep enough for the 
food and large enough to hold from 20 to 30 nymphs without orercrowding. 
Sometimes as many as 30 nymphs are hatched from a single batch of eggs, 
and those may ho very active after the first moult. We selected wet 
chamber dishes, about 120 mm. in diameter and 25 mm. deep. Experiments 
proved ihat the nymphs have sufficient air in those dishes, and can bo raised 
with safety through the five moults to the winged stage. 

The food suitable tor the adult hugs is not satisfactory for the larval 
stagf's. Until after the third moult the nymphs are so small that they hide 
under the p(‘tals of the berries and in the grasses, and it requires too much 
lime and patience to find them. The most satisfactory food for these stages 
proved to ho the small, tender leaves that form the centre of headed lettuce. 
Experiimmt showed that the nymphs often select these leaves in preference 
to the berries, and they certainly develop most satisfactorily on this food, 
through the five moults to the winged stage. During the height of the 
breeding season we used 15 heads of lettuce a day, as the nymphs were 
transferred to a clean cage and fresh lettuce every other day. In making 
this transfer the cage containing the nymphs was carried to a separate table, 
used only for this purpose. The clean cage, labelled and containing fresh 
lettuce leaves, was placed on the same table, and the nymphs were carefully 
lifted from each stale leaf of lettuce to the fresh cage by using a very fine 
camel’s hair brush. The nymphs were carefully counted while moving them 
from one cage to another, and it very rareiy happened that a nymph was 
accidentally thrown away with the discarded lettuce. 

To keep tlie proper degree of moisture in the cages proved to be a very 
troublesome problem. A certain amount of moisture' is necessary to preserve 
the food, but, if the cotton which is wrapped around the stems of the 
wheat, &c., is too wet, some of the water may drop on to the glass bottom of 
the cage, and if a bug falls on its back in even a few drops of water, it 
frequently cannot regain its normal position, and may die in a few hours. 
This danger must bo controlled, for bugs frequently drop from the top or 
sides of the cage, and from the food. Too much moisture is even more 
dangerous for the larval stages. The drops that collect bn the inner surface 
of the glass cover of the wet chamber dishes and fall to the bottom of the 
dish, moan death to any nymphs that may fall on their backs into even one 
drop of nnoi>ture. It requires constant vigilance to avoid this danger, by 
frequently wiping oft’ the moisture that collects on the inside of the glass 
cover. We tried to avoid this risk by placing ordinary filter-paper on the 
bottom of the cages, but this did not work well, for the tarsi of the bugs 
frequently caught in the fibres of this coarse paper. But by substituting the 
German hardened filler-paper for the coarser paper, we got rid of this 
difficulty. Th(5 filter-paper must bo cut to fit the bottom of the cages exactly, 
and it must bo kept moist, but not too wet, for too much moisture will rot the 
ddicate leltuco leaves. We have frequently watched the adult bugs, and 
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also the nymphs, snrk the water from this filter-paper, but apparently with 
no injurious after-effinjts. We aimed to keep the temperature at 80° Fahr. 
night and day, and we succeeded in k<'eping the heat quite constantly at 
this point by using an electric stove. 

[t requires unremiH.iiig care to raise these Ilemiptera in the laboratory. 
They not only require constant watching during the day, but must be 
examined two or three times in the night. Not only is this necessary for 
accurate observations, but if the adults or nymphs are found on their backs, 
they can bo turned over with a earners hair brush and their lives thus 
saved. 

All our records have been kept with the utmost care. Wo have recorded 
not only the numlter and date of the deposition of the eggs, but the date of 
hatching, the number hatched in each grouj), tlu^ date when each of the five 
moults occurred, and a record of just how many young survived each moult. 
This is very important, in order to know the exact number of nymphs in each 
wet chamber dish, and thus avoid the danger of unwittingly thowing away 
a nyin])h wdth the stale, food. As a rule, the nymphs from a single batch 
of eggs were kept separate, but Into in the season, wlion only a few nymphs 
hatched out from a group of eggs, these nymphs, after the 1st or 2nd moult, 
were added to a cage that contained other nym])hs fron) the same parents. 
When ])ossible the date and hour of the deposition of each batch of eggs w^as 
recorded, though tliis of course w^as only possible where the deposition of the 
eggs was actually observed. In all other cases the time given is only 
approximate ; hut as th(^ footl in the cages was arranged to expose to view 
the places generally selected by the hugs for depositing their eggs, they 
wer(‘ not oft(Mi overlooked, until the food w’^as changed and a closer search 
was possible. It is \(»ry important to secure the eggs as soon as possible 
after they are laid, for we found that both the male and the female parents 
will occasionally suck tlie eggs. Sometimes the male and sometimes the 
female was found with the proboscis buried in one of the eggs, very busy 
sucking out the entire contents. They pass from one egg to the next and 
may destroy a largo number of eggs, leaving only transparent empty shells. 

Two sets of records were kept for each pair of bugs, one set recording the 
history of the parents, and the second set recording the development of 
their offspring. 

A full copy of these notes would make too voluminous a record to bo 
published here, but in order to compare the breeding habits of vanolarius, 
servus^ the crosses and the Fi hybrids, w(3 shall give a condensed extract 
, from these notes, showing for some individual cases, the number of eggs 
deposited by one female, the relative number that hatched, and the relation 
between mating and the deposition of eggs. Records I.-XI. pp. 362-70. 

We have frequently watched the hatching of the eggs and the subsequent 
five moults of the nymphs before they reach the winged stage. Nymphs 
from the same group of eggs that hatched the same day. or even the same 
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hour, grow very unequally, occasionally a few of them being so retarded 
that tliey have reached only the third moult at the time the others have 
completed the fifth moult. Nymphs showing such greatly retarded develoj)- 
ment almost invariably die. 

Details of Crossing Euschistns vanolarim ? x Eusefiittus servtis . 

In November 1911, we placed in the same cage three female variolarius 
and five male serrus, all of w hich bad recently passed the fifth moult. These 
eight specimens were kept together throughout the following winter. In the 
spring (May .3rd) one of these variolarius females mated with one of the 
mule servus, this demonstrating the possibility of crossing these two species. 
This female variolarius was hatched in our laboratory September 11th, 1911. 
The month before we had collected a few wild specimens of variolarius in 
Ridgefield, Connecticut, in order to secure young, vigorous bugs to carry 
through the winter for our crossing experiments, and eggs were deposited 
several times in this cage. It was from one of these groups of eggs that we 
secured the three females w'e used for crossing with servus. There were 
17 eggs in this group, but only seven of them hatched, this being dne, 
undoubtedly, to their hiiving been deposited so late in the season. Six of 
these seven nymphs — 2 males and 4 females — were reared to the winged stage, 
the 5th moult not being completed until October 16th. Throe of those 
four variolarius females were selected to chge wdth servus, and the two 
variolarius males were killed the fourth day after the fifth moult, and 
preserved in alcohol, in order to avoid the possibility of any question being 
raised as to the identification of the females ns pure variolarius. One of 
these two males is shown on PI. 28 , photo 6, and the black genital spot, 
distinctive of the species mriolarius, is clearly shown. We believe we gained 
a great advantage by selecting bugs that hatched out so late in the season, 
‘ for females which reach the winged stiige so late as the middle of October 
are sure to remain all winter as vigorous sexually immature bugs, thus offering 
the best |>ossible chance for successful breeding experiments in the spring. 

The five tnale servus that were kept through the winter with the three 
female variolarius, were hatched from eggs deposited in our laboratory by a 
female servus received from North Carolina the day before the eggs were 
laid. A group of 10 eggs was deposited September 17th ; 9 of these 
hatched and 8 were reared to the winged stage, the 5th moult being 
completed October 28th. Five of these bugs w'ere males, and three females. 
On November .3rd the five, males were added to the cage which contained 
the three above-mentioned female variolarius. In the further description of 
this cross, this cage will be designated as Cage 2. None of these bugs 
mated until May 3rd when, as stated above, one pair mated 7 hours (see 
Record III. p. 364). , 
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As none of tiieso bugs had mated again by May 2Ctli, and the males 
seemed less vigorous than some wild specimens we had received from North 
Carolina two days before, we decided to take the live male serms from Cage 2, 
and replace them with three of the wild specimens just received from North 
Carolina. Three of the five male servus that were taken from Cage 2 at this 
time are shown on PI. 28 . photo 5, and as all five came from the same 
batch of eggs, these three specimens will serve to demonstrate the species. 
Each of the three males selected from the wild specimens (to replace the 
five that were raised in the laboratory) had just mated for several hours 
with its own species. One was put in Cage 2 May 2Cth, one on May 27th, 
and one on May 28th. The next morning at 5 o^clock a pair was found 
mating, but they separated before we could isolate them. Later in the 
same day the same female and, probably, the same male mated again. They 
were then isolated by being left in Cage 2, while the remaining bugs were 
transferred to another cage. They were ke])t isolated in Cage 2 until the 
female died July ItJth. 

Before the breeding season commenced^ one of the three original female 
vnriolariifshad unfortunately been < brown away with the stale food, and we 
were therefore left with only two of the throe original females. One of these 
was undersize and never mated, though she was in a cage for nearly a month 
with several wild male servus. 

We succeeded therefore in crossing only ono female vatiolanus with^^me** ; 
hut this j)roved to be a fortunate circumstance, for this pair was suflSciently 
fertile to give us all the Pi aud Fg hybrids that we could possibly care 
for, as at the same time we were raising hybrids from a cross between 
E, variolarius ? and E. icterieus (J . 

The female variolarius and the male servns in Cage 2 mated again 
June 11th : they mated 51 hours. This was the last time this pair mated, 
though the female deposited eggs six times after this mating, while 
normally eggs are deposittnl only once or twice between two matings. 

In order to compare the breeding habits of this cross and of the 
Fi hybrids, with the breeding habits of pure variolarius and servus we will 
give a brief summary of the data we have collected from our laboratory 
experiments. 

A more detailed account of some of these experiments is given on pp. 362-70, 
where we have reproduced extracts from our records of eleven pairs of bugs 
that were isolated through their entire breeding period. All our experiments 
with variolarius and with servus indicate that they are alike in certain details 
of their breeding habits. Records I. & II., pp. 362-3, give what we believe 
to be the normal breeding habits of both these species. These records show 
the approximate number of eggs deposited by one female during^ the breeding 
season, the approximate intervals of time between the deposition of eggs, 
the frequency of the matings, and their approximate duration. Tliey show 
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that mating occurs during the breeding season at ratber definite intervals in 
relation to the deposition of eggs, as a rule eggs being deposited only Once or 
twice between two matings. These records show further that nearly all the 
eggs deposited daring tlie height of the breeding season develop and hatch. 
The features in which the breeding habits of the crosses differ from tho 
normal can be best appreciated by comparing the following brief summary of 
the results from the eleven records given on pp. 362-70. 

Reooed I. (p. 362). E- rariolarius (one pair). — 210 eggs were deposited 
from May 22nd to August 25th. The pair mated 13 times, and eggs were 
deposited 9 times, but not oftener tlmn once or twice between two matings. 
None of the eggs deposited after July 25th were kept. Of the 129 eggs 
deposited before that date all hatched except seven, wdiich were undoubtedly 
injured by tho male, for he was discovered sucking them almost immediately 
after they had been deposited. He had taken the entire contents from two 
of these eggs, leaving nothing but the transparent shells. 

Record II. (p. 363). E. vanolanus (one pair). — 78 eggs wore deposited 
between July 2nd and July 26th, The pair mated 12 times, and eggs wore 
deposited 6 times, — in one instance being deposited 3 times between two 
matings. None of the eggs deposited after duly lOth were kept. Of the 63 
deposited before that date all hutched but three. This pair was killed 
July 26th. 

The two records (1. & II.) show what we believe to be the normal breeding 
habit of both E. rariolarius and E, serous. Thejy show that nearly all eggs 
develop that are (leposited during the height of the breeding season, and 
that mating occurs of tenor than eggs are deposited. They show further that, 
as a rule, eggs are deposited not oftener than once or twice between two 
matings. In these throe features the crosses vary greatly from the normal, 
for a very small percentage of the hybrid eggs develop, and mating is very 
rare. They are, however, quite normal as to the number of eggs deposited, 
and tho intervals of th(iir deposition. The difference between normal 
breeding and the cross, is shown by the following summary of Record III. 

Record III. (p. 364). E. variolarius % x E. servus c?.~120 eggs were 
deposited from May 23rd to July 9th. This is quite the normal number, but 
an abnormally snVall proportion of these eggs developed. 83 showed no 
signs of any development, and were probably unfertilized. Five showed the 
initial stages of development, but failed to hatch, and only 32 of the 120 eggs 
developed to the point of 'hatching. Further, the deposition of many of 
these eggs was abnormal. They were frequently deposited in small irregular 
groups, such as those deposited by isolated females that have never mated. 

For more than a month during the height of the breeding season — 
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Juno 11th to July IGth — this pair did not niato, and during this period eggs 
were deposited six times, whereas normally eggs are deposited only once or 
twice betwecm two matings. This female deposited eggs 20 times, and 
mated only 4 times, whearoas normally mating occurs more frequently than 
tlie deposition of eggs. These facts suggest that a more normal proportion 
of the hybrid eggs might have been developed if tlie matings had been 
normal. Whatever condition exists that interferes with the mating of those 
two species, it is evidently not due to the fact that (dther the male or the 
female was functionally inactive, for the female deposited the normal 
number of eggs at normal intervals, and the male, when temporarily trans- 
ferred July 2nJ to a cage containing three female servns, mated the same 
day with one of his own species, and continued to mate for 42 hours. 
Further, he had mateil with his own spcicies before being caged with the 
female vanolanus. July 2iid, wo placed a few fresh wild serves males in 
fJage 2, but the mnolanus female did not mate again, and died, July 16th. 

Of the 32 F. 1 hybrid nymphs from this pair, 27 were reared to the winged 
stage (11 c? & ? ). We have photographs of all those eleven males, and 

ten of them are reproduced on Plate 28 , photos 7 to 14. 

There is a marked similarity between the abnormal features of this cross 
and those of a cross between an Fj hybrid female and a pure rariolaritfs 
male. To comjuire ilie breeding of tliose two crosses we will give, at this 
point, a brief summary of the results from Itecord XI. 

Ueooud XI. (p. 370). Fi Hybrid ? x Pure variolanus — 119 eggs 
were deposited between August 25tb and Sejdeniber I8th. Only 36 of these 
batched. Eggs were deposited 12 times and mating occurred only once. 
This pair did not mate a second time, though they were caged through 
their entire breeding period, which, in this case, did not begin until 
August 22nd 

The two crosses of Itecords Til, and XI, resemble each other in the fact 
that the mating of neither pair was nonnul, and that an abnormally small 
proportion of their eggs hatched. They are unlike, however, in that almost 
a normal proportion of the eggs of the cross of Itecord XI. showed the 
initial stages of development. The development, however, was obviously 
abnorinuL and many of these eggs failed to hatch. Of the 36 eggs that 
hatched, 26 wore reared to the winged stage (18 & 8 ? ). All the males 

were photographed, and are shown on Plate 34 , photos 62-66. The pure 
cafiolarius male of this cross is shown on Plate 34 , photo 58. 

♦ In this connection it is interesting to note that an hybrid 5 (from variolarim $ 
X icterivm 6 ) that was caged with a pure ictericuB (S , mated normally through the entire 
breeding season. The female, however, had been kept through the wintev, and they mated 
for the first time June 15th. * 
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Fi Ilyhids. — Thirty-two of this generation wore hatched (see Record III. 
p. 364) and 27 were safely reared through the five moults to the winged 
stage. They hatched between June 4th and July 9th, and reached the 
winged stage between July 8th and August 3rd, 

As soon as they reached the winged stage {i. e. after ilie 5th moult) they 
vrere transferred to a large cage and closely watched. As each pair mated, 
they were isolated, while mating, to a separate cage, and kept isolated 
throughout the entire breeding period. The eggs from these F. 1 pairs were 
placed in wet chamber dishes as soon as they were deposited, and the F. 2 
nymphs were carried through their entire development in these dishes, until 
they reached the winged stage, when they were killed and preserved in 
glycerine, as described on p. 371. 

On July 9th and 10th, seven of the F| hybrid nymphs reached the winged 
stage (3 ? & 4 cJ). On July 19th two of theae Fj hybrid pairs mated, each 
pair being transferred at once to a separate cage while mating. They were 
kept thus isolated through their entire breeding season (see Records IV. 
and V., pp. 364-5). In this manner we isolated seven pairs of these 
Fi hybrids. 

Records IV. to X. give the details of these breeding experiments, and a 
brief summary of the resulLs will show what features are ijpical of this 
generation of Fj hybrids. 

Record IV. (p. 364). Fh*st Pah of Fi Hybrids, — 169 eggs w ere deposited 
from August 2nd to August 31st. The pair mated 14 times, and eggs were 
deposited 7 times, and not oftenor than once or twice between two matings. 
Six of the 169 eggs were killed for cytologicul study, and of the remaining 
163, at least 154 hatched. (The number hatched is underestimated, as in 
two cases, only those nymiibs were counted that survived tlie first moult.) 
96 of these nymphs were reared to the winged stage (46 cf & 50 ? ). 

. Forty-three of the males were photograplicd, and are shown on Plate 29 . 
Throe of the males died in the cage just after the fifth moult. The ventral 
surface, including the genital segment of these three males, was dark and 
pathological, and of no value for the demonstration of the 'genital spot. 

A photograph of the male of this pair of Fj hybrids is shown on 
Plate 28 , photo 9. 

Record V. (p. 365). Second Pair of Fi Hybrids , — 184 eggs were 
deposited from August 1st to SeptemW 11th. The pair mated 25 times, 
and eggs were deposited 10 times, and not oftener than once or twice 
between two matings. 

The female was discovered August 1st sucking the group of 28 eggs 
she had just deposited. She had sucked the entire contents from seven 
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of the eggs, and she must have injured others, as only eleven of the group 
developed. 

Of the remaining MW eggs deposited by this female 119 hatched. For 
some reason we w’ere able to rear only a small proportion of these to the 
winged stage. We succeeded in rearing only 57 (31 ^ & 26 ? ). Thirty 
of these males vv('ro photographed, and are shown on Plate 30 . The male of 
this pair of Fi hybrids died Septemi)er ICth. The female was killed 
September 21st, ten days after the last deposition of eggs. 

Sec photo 14, Plate* 28 , for the male of this pair. 

Uecoud VI . (p. 366) . Third Pair of P, flyhrids , — 194 oggs w^ere deposited 
from July 30th to September 2nd. The pair niatenl 21 times and eggs were 
deposited 10 times, an<l not oftener than once or twice between two matings. 
Seven of the 194 eggs were killed for cytological study. Of the remaining 
187 at least 172 hutched — for tlu* number ha tclied is underestimated, as in 
two cases we counted only those nymphs that survived the first moult. 

110 of these nymphs were reared to the wdnged stage (54 ^ & 56 ? ). 
Forty-eight of the males were photographed and arc shown on Plato 31 . 
Six males died just aft(?r the fifth moult. Two of these are preserved as 
pinned s|>ecimens, and four were destroyed because the ventral surface was 
dark and the* bugs w(‘r(^ of no value for demonstrating the genital spot. The 
male of this pair of Fi hybrids was photographed, and is shown on Plate 28 , 
photo 10. 

JiECOHL) VI 1. (p. 367). Fourth Pair of Fj Jlyhrids , — 170 eggs were 
deposited from August 8th to September 8th. The j^air mated 10 times, 
and eggs were, deposited 8 times, and not oftener than once or twice between 
two matings. Seven of ibe 170 eggs wun*o killed for cytological study, and 
of the remaining 163 at least 130 hatched. This number is an underestimate, 
for in tlireo cases we counted only those nymphs that survived the first moult. 
We succeeded in raising to the winged stage only 63 of the 130 nymphs that 
hatched (28 cJ & 35 ? ). T^^ellty -seven of these males were photographed 
and are shown on Plate 32 , photos 12-48. 

We were forced to kill this pair September 11th, as wo had as many 
nymphs in tlio laboratory as we could properly care for. See photo 12, 
Plate 28 , for the male of this F^ hybrid pair. 

Record VIII. (p. 368). Fifth Pair of Fj Hybrids. — 110 eggs were 
deposited from August 8tli to September 3rd. The pair mated 10 times and 
eggs were deposited 6 times, and not oftener than once between two matings. 
Only 29 of the 110 eggs hatched, and only 16 of these survived to the wdnged 
stage (4 & 12 ? ). The four males were photographed, and are«shown on 

Plato 28 , photos 15 and 16. September 3rd, both mule and female of this 
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pair were killed. We wore forced to discard some of the hybrids, and 
selected this pair because the small percentaf^o of egi^s that hatched indicated 
that they were not fniictiojiing normally in spite of tlie fact tliat the number 
of eggs deposited in relation to the number of matings was quite normal. 
The abnormally large percentage of egg.s that failed to hatch may bear some 
relation to the fact that this female had probably deposited unfertilized eggs 
before mating, for she was one of two females in a cage in which unfertilized 
eggs had been deposited. 

See photo 11, Plate 28 , for the male of this Fj hybrid pair. 

Before giving a summary of the. breeding results of the 6th and 7tb pairs 
of Fi In'brids (llecords IX. & X., p. 369) we must give u brief account of 
some preliminary experiments. 

Two Fj hybrid females and three Fj^ hybri<l males* were put in 
Cage 34 immediately after they had reached the winged stage (between 
July 9th and 12th). By August 6th none of these hugs had mated, and a 
group of four unfertilized eggs had been deposited by one of ibese I'emalcs. 

The two females were then transferred to Cage 36, in which there were 
4 Fj hybrid females and 4 Fj hybrid mules that had not yet mated. At 
2 P.M. of the same day two pairs were found mating, and were transl’crred, 
while mating, to separate cages (Nos. 43 & 44). We believe these two 
females were the two that w^ere transferred to this cage from Cage 34, 
though we have no proof of this. One of these pairs (Cage 43) mated 
45J hours, and on August 12tli mated again 6 hours. On August 15th the 
female died without having deiiosited any eggv«*. The second pair (Cage 44) 
is the Fiftli pair of Fi hybrids described above (Record VIII.). 

Cage 36 now contained 4 females and 2 malc-s that had never mated. The 
two males resembled bugs that are found in the fall after the breeding 
season : the ventral surface had become hard and grey, instead of a fresh 
green colour, which is typical at the breeding period. 

On August 15th we added to this cage the male that had mated August 12th 
in Cage 43. Ten minutes after this male was put into Cage 36 he mated with 
one of the four females, and the pair was transferred, while mating, to 
Cage 46. They mated 15^ hours. There now remained in Cage 36 the 
throe lemales and the two males with grey venter, none of which had mated. 
One of those femsjilos, however, had a fresh green venter and showed other 
signs of functional activity. 

August 16th, we removed the two males with grey venter from this 
cage (36) and added the ,male from Cage 46 that had just mated. At 

♦ Two of thefse males were killed August 11th and the testes mounted for c^*tologIcal 
study. The bugs were preserved atid are shown on Plate 28, photo 7, The third male was 
killed August ISth and preserved as a pinned specimen. 
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2 P.M. of the same day the leinule witli the green venter mated with tliis 
male, and wo transferred tlu; pair to (Jage 48. Thus the two females of 
Cages 4(5 & 48 whu'O fertilized by tin* same male. The two grey venter males 
that had never mated were put baek into C-age lUJ, which now contained these 
two males and tw'o females, none of which had mated. On August 28th 
these four hugs w^cro killed and preserved. Thu two males are shown on 
Plate 28, photo 8. The male that had mated with the two females ((Dages 46 
& 48 = Keeords IX. & X.) w^as transferred after each mating from one of 
these cages to the other during the rest of the breeding season. We hoped 
w^e could raise enough offspring from each of those two females for a com- 
parative study of the transmission of tli(‘ genital spot through two different 
females fertilized hy tlio same mule. We w'ere, however, disappointed in 
this, as w(3 succeeded in raising only seven males from one of the two females 
— not enough to be of value for comparative study. 

The results, briefly, are as follows : — 

Recokd TX. (p. 361)). SLiiJt Pair of ¥i Iljjhvuh^ — 134 eggs were deposited 
from August 22nd to S(^ptemher ll)th. The pair mated 11 times, and eggs 
were doj)osited 10 times, and not oftener than once or twice between two 
matings. Only 33 of these 134 eggs developed to the point of hatching, 
although a great many more were fertilized, and then^ was no obvious reason 
why they did not liatch. Only 13 of these nymphs survived to the winged 
stage (7 J & 6 ? ). Six of the males wore photographed and arc shown on 
Plate 32, photos 49 k r>(). The male of this pair was killed September 19th 
and tlie female September 21st. The male was photographed and is shown 
on IMate 28, photo 13 (this male fertilized also the female of Record X.). 

Recoud X. ([). IU!9). Snrntk Pair of P, IJyhruh . — 120 eggs were 
deposited from August 20th to September 8th. The pair mated 8 times, 
and eggs were deposited 8 times, and in only one iustaiico were they 
deposited more than twice between two matings. 

104 of tlu^se 120 eggs hatched, and 68 of lhf3 nymphs were reared to the 
winged stage (34 (J & 34 ? ). Thirty-tw-o of these males were photographed 
and are shown on Plato 33, jdiotos 51-57. Two males died in (he enge just 
after the 5th moult, and were destroyed because the ventral surface w^as dark 
and pathological. 

The above summary of the records of the seven Fj hybrid pairs shows 
several features that are apparently typical of this generation of hybrids. 
These records show further, that if the F] hybrids cjin be secured, the Fj 
generation can be obtained in large numbers. The Fj hybrid generation is 
quite as fertile as the original pairs of either pure variohirius or pure i^ervus 
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during the height of the breeding season, and it is interesting to note that in 
this fertility they resemble the F, generation of servu,% but not of vario- 
larius^ for in our experience we have only one case on record in which the 
Fj generation of pure mriolarius mated and deposited fertile eggs the same 
season. If these records (TV. to X.) are compared with Tleconls I. and IT. 
of pure variolarius^ it will be seen that, although tho Fj hybrids are not 
quite normal as to the percentage of eggs tliat develop, they are entirely 
normal as to the relation between mating and deposition of eggs, for eggs are 
deposited only once or twice between two matings, and the matings far exceed 
in number the deposition of eggs. 

The records show that towards the end of tho breeding season mating 
became more frequent, in some cases the breeding season being closed by a 
series of matings of short duration, which continued several days after tho 
last deposition of eggs. This we believe is characteristic of servus^ and was 
typical also of the Fi generation of two other species we received from the 
South — E. ictencus and E, crassus. 

We realize our experiments have not been sufficiently numerous to warrant 
definite conclusions as to the br<3cding habits of the species we have sliidied, 
but they furnish reliable data as far as the limited number of experiments 
admit. The higher death-rate of the F 2 generation, both as to the eggs and 
nymphs, we believe was due in part to tho fact that tho weather was unseason- 
ably cold, and a proper degree of temperature and moisture could not always 
be satisfactorily maintiiined for all tho cages* 

In order to repeat these experiments on a larger scale, a much more 
elaborate equipment should be available. Tbc bugs should be ke}>t in a hot- 
house where temperature and moisture can be pro]f)erly regulated, and the 
lettuce used for food should be cultivated under supervision, to be sure that 
no insecticides are used in its cultivation. Further, a number of trained 
assistants is absolutely necessary. The material furnished by a single cross 
is at some period of the experiments more than two workers can properly 
care for. We were forced <0 cut short several important experiments on 
account of the impossibility of continuing satisfactorily the extra work they 
involved. 

We believe that our success in being able to cross even one pair of 
variolarius and servus is due to tho fact that the two females used for the 
experiments, hatched after the close of the breeding season, and were kept 
through the following winter. This belief is supported by the fact that we 
did not succeed in repeating the cross-breeding experiments during the 
summer with hugs of the first generation of that season, though we tried this 
with 16 female variolanus and 14 male servus. These experiments were 
carried on in three cages, the first started June 22nd, the second June 28tfa, 
and the third July 2nd. All the female mriolarius had been raised in our 
laboratory during the early summer, and were transferred to these cages 
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immediately after reaching the winged Htage. Five of the male servus used 
in these experiments were raised in onr laboratory, and like the t^ariolarius 
females, were transferred to the exporiinont cages immediately after reaching 
the winged stage. The other 9 males were wild specimens, received from 
North Carolina. These experiments wore continued for nearly two months, 
and no mating occurred at any time. The experiments were not closed until 
many unfertilized eggs had been deposited in all the cages*. 

Possibly nymphs captured in the field, and raised to maturity in the 
laboratory may be more easily bred from ; but in our experience we have 
never been able to collect the wild nymphs early enough in the season to 
succeed in breeding them with each other, or with an alien species. 

The reciprocal cross with the first generation ( ? servus & c? t^ariolariiis) 
also proved unsuccessful ; these experiments, as in all other cases, being 
continued until unfertilized eggs had been dc])osited a number of times in 
each cage. 

W(‘ h(dieve our lack of success in these cross-breeding experiments was not 
wholly due to the fact that the males an<l females were of different species, 
for we were almost as unsuccessful in getting a second generation of pure 
rariohirins^ though w’e had much better success in raising the second genera- 
tion from servus. The first generation of this species mated from 10 to 18 
days after they reached the wunged stage, and were very fertile. 

Fortunately for the success of our cross-breeding experiments, the F^ 
hybrids rest'mbled servus and not vanolarinSy in that most of them muted 
readily in captivity, from 10 to 20 days after the last moult, and like the 
first generation of servus proved to be very fertile. 

The following exjaudments show it is much more difficult to get a second 
generation from vaviolarius the same season, aUhougli the first generation, 
if kept tlirough the winter, will normally mate and dei)osit eggs early in 
the spring. 

In 1911 we experimented with a few pairs of young variolarius^ all reared 
from the same hatch of eggs. About twenty days after they had reached the 
winged stage, a few males and females were placed in the same cage, from 
August 6th to August 27th. During this period they did not mate once, 
though the females deposited unfertilized eggs, and dissection showed the 
males to be apparently sexually mature. Two Females and four males from 
this same batch of eggs wore carried tlirough the following winter, and in 

♦ As a rule unfertilized eggs are deposited quite differently from those that have been 
fertilized. The latter are deposited in flat, symmetrical groups containing sometimes more 
than 30 eggs, and all adhering together. Unfertilized eggs, on the contrary, are dropped 
here and there on leaves, grasses or berries, sometimes only one or two eggs at a time, or 
more frequently in groups of three, four, or five. We never destroyed the qnfertilized eggs 
until ten days after their deposition, although fertilized eggs always show the initial stages 
of development on the 8rd or 4th day. 
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the spring they mated and deposited eggs quite normally ; 330 eggs being 
deposited by the two females before July 9th, when they were killed. It was 
from these eggs that wo raised the variolar! us specimens used tor the above 
described unsuccessful cross-breeding oxp<»riments with servris. We also 
tried to breed from S(‘veral of this first generation of variolarias to use as a 
control for our cross-breeding experiments, and to test the above described 
experiment of 1911 with the first generation ol‘ that season. We had three 
cages of those experiments in 1912, including in all 18 females and 13 nuiles. 
The first cage was started July 15th, ami these experiments were not closed 
until August 29th. During this period only one pair* of these 31 bugs 
mated (August lOth) though many unfertilized eggs were deposited in the 
three cages. The fact that in all these experiments unfertilized eggs were 
deposited, proves that the young females function the same season, but onr 
experiments indicate that the young males rarely function until the next 
spring. The following experiments bearing on this point may bo added to 
those already given. As stated above, the yonng pairs of variolarius that 
were caged in 1911 did not mate, although the females d(qK)sited unfertilized 
eggs. Thinking this might be duo to the fact that these bugs were all from 
the same batch of eggs, we caged one of these Fj males with a wild female 
th*it had just mated with a wild male. They did not mate, liowever, although 
the female continued lo deposit eggs at normal inicu’vals until August 22nd; 
and was not killed until September 2fith, 

In the season of 1912 wo were anxious to test this experiment by caging 
wild males, after they had mated in Ihe laboratory, with young females that 
were depositing unfertilized eggs, but we did not succeed in capturing any 
variolarius males that season, though we searched ourselves, and had assistants 
searching also. 

That the young variolarius males rarely function the same season in the 
laboratory was agdn indicated by tlie following experiment. Five young 
variolarivs males had been cag(‘d for five >veeks with five Fj hybrid females, 
and had not mated once, although the females had deposited 88 unfertilized 
eggs. Thinking that ptu-haps those males might he sexually immature, they 
were replaced by the one yoimg variolarius male that had mated in the 
laboratory that season. Eleven days later this male mated with one of the 
Fi hybrid females (s<*e Record XI. and p. 345). 

These facts would se(Mn to indicate that the young male variolarius are not 
as a rule sexually mature the same season they are hatched, but the evidence 
on this point is entirely inadequate as proof. Variolarius females that were 
depositing unf(^rtilized eggs also failed to mate with the Fi serms males, 
and these males were undoubtedly sexually mature, for they breed readily 

♦ This pair was transferred to a separate cage while mating, and used for experiments 
descriiied below. The male of this pair is shown on Plate 34 , photo 58. 
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with their own species. This may indicute that [)Ossibly the factor of 
selection may he in part responsible for some of the failures of our br(M»ding 
ex})erimcnts. 

AVe raised only 10 ^ and 22 ? from the one pair of youn^ variolarim 
that mated in the laboratory in 1012. AVe Luidoiibt<*dly would have had 
more, but the iemah; was fertiliz m 1 only once, as we transferred this mah^ to 
th(‘ hybrid females, as thvscrilx^d above. This vanolavins female deposited 
58 from August 1 7th to Soptxiinber 7th, and of these hatcdied, 82 being 
reared to the winged stages (10 cJ & 22 ? ). The Fj hybrid female that was 
fertilizoil by this sam(‘ niahi d<‘|)osited 110 eggs and 80 hatch(*d. 

The mah‘s from Ihese two f<*niales were pliolograph(‘d and are shown on 
Plate 34 . Photos 50 to til show the mahjs from the puni curiolavious pair, 
and photos (»l to f>G show the males from the F^ hybrid femah* and the pun* 
rariol (trims male. 

Th<5S(* ])hotographs demonstrate that the sf>ot is inherited through the pure 
rariolaritfs fonule (photos 59 to Gl) more intensely than it is through the 
Fi hybrid female ([>lu>los G2 to (!G;, and a comparison of photos G2 to GG 
with those when both |)arents are Fj hybrids. Plates 29 - 33 , demonstrates 
that tlu' spot is transmitted through a pure male variolariu.s much more 
strongly than through an F| hybrid male. All such facts bearing on the 
inheritance of the genital spot are important in testing modern chromosoino 
theories of s('x-det<»rminati<»n in th<‘ light of the transmission of this exclusively 
male character. 


Discussion. 

Any analysis of the results of cross-breeding exjjerimonts involves a 
discussion of their bearing on fundamental problems of heredity, and we 
should exainim* the tacts demoiistratod hy 4>ur recent experiments in the 
light of the popular theories which claim to offer a partial solution of some 
of the im}>ortant problems of heredity. The hypothesis of first interest to 
the eytologist is the one that claims to oiler an explanation of the trans- 
mission of characters by the assumption that the factors essential to their 
transmission are curried and distributed by definite chromosomes, but a 
discussion of our results from this point of view is r(‘serv(*d for a paper in 
which the cytological phenom(‘na can hi* fully demonstrated by photographs. 
A brief statement of the facts and their bearing on recent chromosome 
theories was given in the preliminary report of oiir work (^18). 

In the present paper we sliall merely restate the facts and conclusions in 
order to present the evidence in xlotail, as it is demonstrated in tin*, photo- 
graphs of Plates 28 - 34 * 

First. The results demonstrate that an exclusively male character (the 
genital spot) can be inborile<l without the aid of the Y cliromosome. This is 
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proved by the fact that it is transmitted through the female, and the female 
does not have the Y chromosome, as this chromosome is an oxchisively 
male character. Photographs 7-57 show the males of the Fj and the F* 
generations. All these males are the hybrid descendants of one jmre 
variolarius female, that was fertilized by »erms — the species that has no 
genital spot ; and those hybrids show lioyond qiKistion that the spot can be 
transmitted through the foenale, some of the Fj males having as pronounced a 
spot on the genital segment as that of the mnolarivs males : e. (j.. one or more 
of the specimens of photos 1 5, 23, 26, 2S, .‘12, 34, 35, 36, 40, 41 , 46, 48, 55. 

Seoond. The results demonstrate that the genital spot can be inherited 
without the aid of iho X chromosome. This is proved by the fact that it 
is transmitted through the male, and the male-producing spermatozoon 
does not have an X chromosome. Photos 62 to (id show the males from an 
Fi hybrid ? x a pure variolarius <?, and a comparison of these photo- 
graphs with those of the Fg hybrid genenition (photos 15 to 57) shows that 
the genital spot is inherited much more strongly from the puro variolarius 
male than through the F, hybrid males ; this fact demonstrating that the 
male variolarius, as well as the female variolarius, can directly transmit the 
spot to the males. As, according to the hypothesis, these can be inherited 
directly from the male, only through the male-producing spermatozoon, which 
has no X chromosome : it follows that t)»e spot can be inherited without the 
aid of the X chromosome. This back cross further demoustratos, not only 
the direct inheritance of the spot from the rjale, but also tin*, inheritance of 
the serous character, ab.-ence of s[»ot. This was transmitted to the F, 9 
by (he pure variolarius $ of the first cross, and thei-efore ej; hypothesi it 
must have come from the female-fdoducing spermatozoon of serous. This 
back cross therefore demonstrates that an oxcluHively male character — the 
genital spot — can Ix! transmitted by the male-prcxlucing spi rmatozoon, and 
an exclusively male character — the absence of spot— can be transmitted by 
. the female-producing spermatozoon, and that therefore these so-called sex- 
determining spermatozoa do not differ functionally in their transmission of 
an exclusively male character. Tn making thtse deductions, it is, of course, 
necessary to accept, for the sake of the argument, the assumption of male- 
and female-producing spermatozoa, an assumption which, we believe, is far 
from being proved. 

2 bird. The results show that if wo assume that the factors necessary for 
the production of the genital spot are located in any of the ordinary 
chromosomes, they nmst be in at least both members of a pair of ordinary 
chromosomes, for the spot is directly transmitted through both the male and 
the female. ' 

Fourth. The results show that if we assume that the factors necessary tor 
the production of the genital spot are carried by both members of a pair 
of chromosomes, we must assume that the female carries an inhibitor for the 
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spot, as the spot is never present in any of the females, neither in the pure 
variolarivs nor in the hybrids, although the fact that it is transmitted by the 
female variolarivs proves that the spot factors are present in the female, 
though not expressed. 

Fifth. The results show ihat, although it is necessary to assume an 
inhibitor only in the females of pure variolarivs^ in the hybrids it becomes 
necessary to assume an inhibitor in the males also. The Fi hybrid males show 
the spot either very incompletely, or not at all, although they can transmit 
the spot to the next generation, and therefore they must carry the factors 
necessary for its transmission, in spite of the fact that the appearance of the 
spot in the Fj generation is partly or wholly inhibited. The two Fj 
hybrid males of photo 7 have no spot^*^, the upper Fj male of photo 8 has 
merely an indication of a spot and in the lower bug it is not much stronger. 
The Fi males of photos 9 to 13 have a very insignificant spot, and the Fj 
male of photo 14 has merely a trace of a spot, although the offspring of these 
males frequently have a spot quite as pronounced as that of pure ranolarius. 
Compare these F^ males with one or more of the F 2 males of photos 15, 
23, 28, 32, 34, 35, 36, 40, 41, 46, 48, and 55. 

Sixth. The facts show that if we attempt to place this inhibitor in 
definite chromosomes, we moot as serious difficulties as those involved in 
assuming that the factors essential for the production of the genital spot are 
carried by special chromosomes. In our preliminary report of these 
experiments (^13), we discussed in full the evident results of placing this 
inhibitor in various chromosomes : in the X chromosomes, in one of the 
ordiiuiry chromosomes, or in a pair of chromosomes, and we found that none 
of these assumptions would accord with the facts. The facts force us to 
regard these inhibitors as hypothetical forces which cannot logically be con- 
fined to the chromosomes, and are located we know not where — these hypo- 
thetical inhibitors practically doing work that has been assigned to definite 
chromosomes. As stated in the above-jnentioned preliminary report, the 
facts force us to consign to these hypotheiical inhibitors, not only the 
responsibility of suppressing the spot factors in all the females, but also 
of determining just how many spot iactors shall find expression in the males 
of the Fj and F 2 generations, and thus they practically relievo the chromo- 
somes of the burden of unit distribution.” 

It would seem then that the facts are out of harmony with the theories 
that offer an explanation of the transmission of characters on the assumptioii 
that the factors essential to their transmission arc carried and distributed by 
definite chromosomes. 

* The two dark specks on the genital segment of tlie upper bug, close to the base of the 
segment, must not be confused with the genital spot, in the lower bug a slight indication 
of a spot can be seen with a lens, but it will probably not appear in lliotprint. 

LINN. JODRN. — ZOOLOGY, VOL. XXXII. 30 
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I£ we examine the results of our experiments in the light of Mendel’s law 
of heredity, we find that the genital spot does not behave as a Mendeliaii 
unit. Professor Piiniiett (1911) defines a unit-character as follows : ‘^Unit- 
characters are represented by definite faetors in the gamete which, in the 
process of heredity, behave as indivisible entities, and are distributed 
according to a definite scheme. The factor for this or that unit-character is 
either present in the gamete, or it is not present. It must ho there in its 
entirety, or bo completely absent.” (Page 42.) 

Whatever determines the genital spot in these hybrids, it cannot bo an 
indivisible unit-factor, which is ‘‘ present in its entirety ” or is “completely 
absent,’’ for the genital spot is not present as a whole, or completely absent. 
If we speak of it in terms of Mcndelism, wc must say tliat it is the result 
of a number of unit-factors, for in the hybrid males of the Pj and Fg 
generations in which a spot can be identified, it is present in every degree of 
intensity, from a niere indication of a spot, to that of the Fg generation 
which is quite as conspicuous as the spot of a pure mriolarius. 

Neither the spot nor its absence is dominant in the Fi hybrids. There 
is certainly an absence of dominance in this Fj generation. Of the (deven 
Fi male hyf)rids, 2 have no spot (photo 7) : 4 have a spot so faint that it is 
barely visible (photos 8 and 14 and one pinned specimen) ; and 5 have a spot 
about one third as pronounced as that of a pure rano/c?m/.v (photos 9, 10, 
11, 12, and 13). 

It is evident also that the spot of these Fj hybrids is not a true blend, 
for only oik' parent is re])rosented by the two specimens that have no spot, 
and there is quite as much variation in the size and intensity of the spot 
of the remaining nine specimens as is found in any nine intermediates of 
the Fg geiKjration. 

The Fg generation shows apparently a greater variability than the Fj 
generation, for in the former both extremes are represented, some of th (5 
males having a spot as pronounced as that of pure variolarius^ while some 
have no spot whatevcir, and the remainder have the spot in varying degrees 
of size and intensity. These facts may be of value as offering a test such 
as Castle (1 91 1) has suggested, by which it may be possible to decide whether 
the results can be classed with the Mendelian type of inheritance, or with 
that described as a “ non-Mondelian, non-segregating type of inheritance.” 
Castle says : “ There is one means by which we can determine with certainty 
whether, in a particular case of seemingly blending inheritance, segregation 
does or does not occur, namely by comparing the variability of the Fj 
and Fg generations. If segregation does not occur, Fg should be no more 
variable than Fi, whereas if segregation does oeeur, Fg should be more 
variable,^’ (Page 137.) 

Although the Fg generation of our JSuschistus hybrids shows more varia- 
bility than the Fj generation, the value ot tliis as proof is weakened, if not 
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cancelled, by bhe fact that the two generations are not equally represented, 
and cannot therefore be justly compared. We havo 190 males of the F 2 
generation in which the exact condition of the spot can be determined, and 
only 11 males of the Fi generation ; and therefore it would not be reasonable 
to conclude from such inadequate data, that the Fj generation of these 
hybrids is less variable than the F 2 generation. We are inclined to believe 
that if the number of the Fi hybrid males were equal to that of the F 2 
generation, they would show both extremes of the inheritance of the spot, 
and a variability (juite as pronounced as we find in the F 2 males. 

Some of the males of the F 2 generation might bo assumed to be pure 
dominants and recessives, for some have the spot as fully developed as that 
of ptire rariolarins (one or more of the specimens of photos 15, 23, 26, 28, 
32, 34, 36, 40, 41, 46, 48, and 55), while others have no spot whatever 
(one or more of the specimens of photos 16 to 39, 43, and 51 to 56). 
The intermediates show the sf)ot in a very variable degree of intensity, but 
if these latter are assumed to be visible heterozygous forms” of Mendelian 
segregation, there should be an equal number of pure dominants and reces- 
sives, whereas there are only 19 that have the perfect vtuiolarhis spot, and 
74 in which the spot is absent. 

If we would attempt to find a theoretical explanation of the results, we 
must first devise a formula that will work for pure rariotarivs, and the facts 
compel two assumptions in the making of such a formula. First, we must 
assume that the female is liojnozygous for the spot factors, and second, that 
she has an inhibitor for the s()ot and that she does not transmit this inhibitor 
to her male offspring. The necessity for this last a-asumption seems obvious, 
because the spot is never inhibited in the male. If w^c would assume, 
however, that both sexes can havo an inhibitor, an assumption that some 
facts in the liyhrids demand, then we ir.ust assume that it requires a double 
dose to inhibit the spot ; and to insure the spot being a constant character, 
we must assume that in the male the inhibitor is not only heterozygous but 
sex-linked. But this assumption, which would hold for variolarivs, would 
not work for the cross, because the female hybrids would in this case be 
heterozygous instead of homozygous for the inhibitor, and would therefore 
have the spot. If to obviate this difficulty we assume that servos also has 
an inhibitor, this would inhibit the spot in the Fi hybrid females^ but. in 
nme of the Fi hybrid maleSy whereas in fact, the spot is completely or 
partially inhibited in all the Fi hybrid males. 

The necessity of the assumption that the female variolarius is homozygous 
for the spot factors is quite obvious, for the genital spot could not remain 
constant if we assume that the female is heterozygous for the spot factors, 
unless we add the unwarrantable assumptions that the female is heterozygous 
and the male homozygous for sex, and that the spot factors* aije linked with 
the sex-factor. 


30 * 
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We seem compelleil, therefore, to jissome that the female voriolariua is 
humozv^oii'^ tor the ^pot tactors ; and if ^e assume that aervus is without 
them, then tlio Fi h) hi ids should he lietorozj «ous for these factors. 
Assuming* that they are inhihited in the ftmialo, the males should all he aVike^ 
either in having a variolariuh spot or in ha\in|’ no spot. The facts, however, 
aie as follows ; — Two of the ele\en Vi h>l>rid males ha\e no spot (photo 7), 
and the lenuiininft nine aie ^ariahle intermediates (S ot the 9 are shown in 
photos 8-14, and the 9th is a pinned specimen, which has a spot so small and 
so faint that it is scaicely perceptible). 

An interestiiiff ease of Fi hyhiids approxinuifinf* a blend is the cross 
between the pigmented silkj hen and the unpigmented brown leghorn. 
Prof. Punnott theoioticiillv explains these intormediate^ (partly pigmented) 
Fi fowls by the iollowiiig ussumptionfit : — 

1st. Assumes that the ? is heterozygous for iemaleness (Ff). 

2nd. A'-‘-nnn*s that the ^ is without this se\-laetor (ff). 

3id. Assumes tint the silky is homozygous for the jdgment factor (PP). 

4th. .\^snmes tint the silky is without an inhibiting lacior (ii), 

5th. As*-umes thal the brown leghorn is without the pigmenf factor (pp). 

Cth, Assumes that the hrow'ii leghorn is homozygoub for an inhibiting 
factor (Tl). 

7th. Assumes the inhibitor is so\-linked (there is a repulsion between 
I and F). 

If we transfer all these assumptions to the vonolanm x sermia crohs, even 
to the extent of assuming that the female instead ol the male is heterozygous 
for the se\ lactor, they fad to aciouut foi the fa<*t that these Fi hybrids 
arc not nil intei mediates.* Two aee hke st«nns in having no sp t, Such 
irrogniainies in the Fj geneiation are out of harmony with the 
principles oi jMt'iidelifem, but in some forms similar e'lidenee against 
MendeJism has been weakened, ff not cancelled, by the fact that tlio F^ 
generation shows a regular Meudelian ratio. This is not the case, 
however, with the Fo generation of the IJnsehufos cross — of iho 190 
F. 2 male hybrids (photos 15-57), 19 have the spot quite us dintinct as that 
of pure vaeiolarvts, 97 are very variable intermediates, and 74 are like aerx^us 
in having no spot. 

The classification of the hybrids into those throe grou[is is busied on 
a study of the photographs, t and the numbers in each group wore afterwards 

* It is olivions (hat in females of lanolartue a special inhibitor must be aaaumod that 
is outside the germ plnfim— for thforeftcally the apot appears in the female. 

t InclaMifung the photographs of the hybrids we included under the amma type not 
only all those spoidmens with no ^pot whatever, but also those with merely a fhini indication 
of a spot, fox the latter was not \isible in the living specimens, and probably will not show 
n the reproductions 
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com{)ared with those based on a study of the original specimens immediately 
after the bugs were killed. The two sots of figures agree almost oxactlj% 
differing only in the fact that in the original <*stiinate wo elassetl two speci- 
mens as mriolariua and two as servus which wo now class as intermediates. 
Such a variation in the classification is unavoidable hecauso the intermediates 
blend into the two extremes, and it is not always clear into which division a 
specimen belongs. Possibly the printing of tlie photographs in the final plates 
may bo too light in some oases, and fail to bring out a faint spot that sliould 
bo clashed as an intermediate and not serru-s and Ihis would cause some 
slight variations from the above figures. If yra consider separately the 
ratio from each of the scv(‘n pairs of Fj hybrid'^, tbe reMdt*^ arc as 
follows : — 




F, 2 males from the 

seven pairs of Fj hybrids. 



1 

1 

i 

l.t pair. 
J'kte 29, 
I’hotiw 
17-W. 

1 

2rul pair. -Iril pair. 
IMulo 30, , I’lato 31, 

) . 

4 til pair. ’ pair. 

Pbto 32, l*Iate 28, 
i*holos 
, 15- IG. I 

Gtli pair. 
Plato 32, 

4t) 50. 

• til 

Pl.»t»* 33, 
Photos 
51-57. 

Totalf*.- 

‘i 1 

liko ; i 
rcirio- f 

iarim. J , 

1 


4 1 

0 

i 

]H ■ 

1 ; 

III tor- 1 ■ 
'uodiutoH. ( ; 

17 

12 27 

I« 2 

') 

ii> 1 

07 

Xo spot ) j 
liku [ 1 
terviis. I 1 

:>5 

\o Ul 

o 1 

1 

1 

j 

74 j 

1 


Of these seven pairs t f Fi hybrids only the 5th pair show- a simple Meudo- 
lian ratio (1 like rariohivim^ 2 intermediate, and 1 like strvus)^ u ratio which 
evidently would not have been inaintaiueil if a large number of offspring 
had been secured, for no ^ueh ratio is shown by tli<* Fa Isybrids frotn any 
of the remaining six pairs, all of which have a larger number ot offspring. 
If one is willing to readjust these ratios by filling the gups with the 
nymphs that died and those that failed fo hatch, it would he possible 
of course to create any ratio retjuirod, but tlie assumptions cannot be the 
same for the seven pairs, and this fact would weaken the value of such an 
adjustment. 

We may further search for a Mendelian ratio (half pure and half hetero- 
zygous) in tho cross between the Fj hybriil $ and the pure mytoUmm J . 
From iJiis cross we raised 18 males (photos 62-Ct)). 12 of these 18 males 
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have the spot as strong as variolarius, 3 have a spot so small and faint that it 
is scarcely perceptible (the lower two specimens of photo 62, and the lowest 
specimen of photo 66), and 3 are quite typical intermediates (the 3rd and 
5th specimens of photo 64 , and the second specimen of photo 66). Thus 
12 of these males have the variolarius spot, 3 are intermediates, and 3 are 
almost without a spot. It therefore seems obvious that a Mondelian ratio is 
not shown in any of the experiments, it does not appear in the Fj hybrid 
generation, in the F^ hybrid generation, nor in this generation from an 
Fj hybrid ? by pure variolarius ^ . 

The above-mentioned cross (Fi hybrid ? X pure variolarius (?) is im- 
portant because it shows that the genital spot is not a sex-linked character. 
The test of whether a character is linked to a factor that determines sex is 
usually made by the “ reciprocal cross,’^ which in this case would be ])ure 
servus $ x pure variolarius (?. It is assumed that the parent that is hetero- 
zygous for sex can transmit a scx-linketl character only to the opposite sex, 
and therefore none of the males from such a cross should inherit the sj)ot. 
We were unable to attempt this cross, but the above-mentioned experiment 
(Fi hybrid % X pure variolarius <? ) shows quite as conclusively as a “ reci- 
prooil cross” whether the genilal spot behaves as a sex-linked character. 
This cross demonstrates that the genital spoi does not Ixdiave as a sex-linked 
character, for it shows that the male variolarius cun directly transmit the spot 
to his male offspring, for these offspring show the greatly increased strength 
of its inheritance from the pure male as compared with its inheritance -from 
the Fi males. 

We cannot explain this exclusively male character by simply assuming 
that the constitution of the eggs inhibits the expression of the spot in 
the female, for this leaves unexplained the fact that the spot is partly or 
wholly inhibited in the F] males. 

' We have been unable to harmonize our results either with the Mendelian 
or non-Mendelian (blend) type of inheritance — the great variability of the 
Fi hybrids being the most obvious difficulty. The assumption of multiple 
factors may be satisfactory as an explanation of the va'riability of the Fg 
intermediates; but it does not explain the variability of the F, hybrids. 
On the assumption of multiple factors the Fj hybrids should be alike — 
subject only to minor variations (fluctuations). This, however, is not the 
case— 2 have no spot and 9 are variable intermediates. 

Castle’s assumption of change in potency of a given factor or factors 
seems more in harmony with the facts, for this offers not only an explana- 
tion of the variability of the Fj intermediates, but admits any degree of 
variability in the Fi hybrids — oven to the extent of reversing dominance. 
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We cannot logically explain the facts on the assumption of variation in 
potency of a single spot factor, for on this assumption the spot of pure 
variolarias should show the same relative amount of variation, which is not 
the case. But if wo assume that aervns has an inhibitor which also varies in 
potency, then the Fi spot, besides being more or less reduced by a single 
dose of spot factor which varies in potency, can be further reduced or wholly 
cancelled by the servtts inhibitor, according to the degree of its potency. 

The hypothesivS of varying potency of unit factors demands the presence 
of at least a perce})tiblo variation in the spot of pure variolarius^ and such a 
variability does, in fact, occur. This irregularity can bo best appreciated by 
comparing the male offspring from the same parents, 

Oastle (1912) says : “ In my experience eiw// unit character is subject to 
quantitative variation, tliat is, its exj>rcssion in the body varies.” The funda- 
mental explanation of his striking results in selection is the assumption 
that these variations have a germinal basis and are inherited. 

It seems to us that our results arc more in harmony with Castle^s assump- 
tion of the varying potency of unit factors ; but if they do in fact admit 
of a pure Mendclian interpretation, this must be left to the specialist in 
genetics. 


APPENIJIX I. 

Since this paper was tinished, striking corroborativ(‘ support has been 
given to the results of our experiments. 

In expressing to Professor Poiilton our desire to find an experienced Ento- 
jnologist wdio would look over the parent species of our hybrids Jbr some 
distinguishing character (other than the genital spo<) that might give 
additional evidence in siipi)ort of our experiments, Professor Poiilton kindly 
suggested Dr, Harry Eltringhum, of New College, Oxford. We feel very 
grateful to Professor Poiilton tor his interest and courtesy in this matter, 
and we are deeply indebted to Dr. Eltringham for bis very valuable discovery 
of the marked difference in the length of the intromittent organ of E. mvich 
larius and E. servus. As a result of his observation, wc* have been able to 
follow out the inheritance of this second exclusively male character in the 
hybrids from this cross, as well as from tlie cross between E, variolarius 
and E. ictencas. 
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APPENDIX II. 

Records of Eleven Pairs op Bugs that aveue Isolated 

THROUGH THEIR BREEDING PERIOD. 

As details of breeding experiments can bo of value or interest only to 
those who may care to repeat such experiments with the same or allied 
species, we have not published the following details in the text, but have 
added them here in a convenient form for reference. 

The following records are extracts from our notes. We have selected 
only the main points essential for comparison, omitting such details as the 
dates of hatching, the dates of the five moults, and the number of nymphs 
that survived each moult, &c., Ac. The length of time given for each 
mating is the minimum, as it is estimated from the time the pair was 
found mating until the last record before they were found apart. The 
bugs were closely watched during the day, and observations made two 
or three times during the night. The number of eggs that hatched is 
also the minimum, for in some cases we counted only those nyinj)hs that 
survived the first moult. Before the first moult these small bugs generally 
keep closely segregated in a compact mass, and it is impossible to count 
them accurately when a large number is hatched. 


Record I. Cage 2. — 1911. 

One Pair of E, variolarius. 

9 

(Collected April lOtli, at White Plains, New York, by J. It. de la torro Huuno.) 
April 

20th. 6.30 A.M. mating : continued to mate 9^ hours. 


2Sth. 

May 

5.00 p.M. 

ditto 

ditto 

19 hours. 

2nd. 

1.30 P.M:. 

ditto ' 

ditto 

17^ hours. 

7tb. 

6.00 A.M. 

ditto 

ditto 

9 hours. 

10th. 

6.00 A.H. 

ditto 

ditto 

J5 hours. 


22nd. 4 eggs, all hatched : 3 reared to winged stage — (2 & 1 $ ). 

Junk 

9th. 29 eggs, 20 hatched. (Found the cT sucking these eggs : had sucked the 
entire contents from two.) 16 reared to winged stage— (7 cf & 9 $ ). 
26th. 5.30 A.H. mating : continued to mate 3^ hours. 

July 

1st 28 eggs, all hatched : 15 reared to winged stage — (9 d & ^ 

7tb. 28 eggs, all hatched. Killed aU after 8rd moult to preserve as nymphs* 

Idtb. 5.30 A.M. mating : continued to mate di hours. 

14th. 5.30 A.M. ditto ditto 4} hours. 
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July 

20th. 


20th. 

2Jrd. 

25th. 

August 
511). 
OLh. 
10th. 
19th. 
23rd 
25 th. 
31 st. 


5.00 a.m. 28 eggs, all hatched. Killed all alter Ist nieult te preserte ms 

uymplis. 

5.00 A.M. uialiug: continued to iiinte 3 hours. 

5.80 A.M. ditto ditto 5.] hours. 

12 eggs, all hatched. Did not keep tliese nymphs beyond the 2iid im>ult. 

42 ejrgs, in 3 groups. Those eggs not kept. 

5.00 A.M. mating: continued to male 4 hours, 

11 eggs. These eggs not kept. 

5.80 A.M. mating: continued to mute 27 liours. 

5.30 A.M. ditto ditto O.J, hours. 

28 eggs. These eggs not kept. 

The female died. Killed the male and preserved the pair in aicoliul. 


UeCOUD TI. (-AGE 10. — 1911. 

One Pair of K. variolarins. 

^Collected Aj lil Itth, at White Plains, Kew Yolk, by J. II. d^ la tone Bueno.) 
April 


18th. 

7.00 a.m. mating : 

conliniud to male 6 hours. 

22nd. 

7.80 A.M. 

ditto 

ditto 

hours. 

25th, 

1.00 P.M. 

ditto 

ditto 

5J hours. 

28th. 

6.80 A.M. 

ditto 

ditto 

4J hours. 

May 

Ist. 

6.30 a.m. 

ditto 

ditto 

65 hour&. 

10th. 

6.00 A.M. 

ditto 

ditto 

27^ hours. 

:23rd. 

6.00 A.M. 

ditto 

ditto 

83^ hours. 

Junk 

6th. 

6.00 am. 

ditto 

ditto 

14 hours. 

17tlt. 

5.30 A.M. 

ditto 

ditto 

14 hours. 


July 

2nd. 28 eggs (watched the $ depositing some of thebe egg.*-): 27 hatched. 

Nymphs not kept after 8rd moult. 

8rd. 5.80 a.m. mating : continued to mate 86 hours. 

5th. 14 eggs, 12 hatched. Killed after 2nd moult to preserve as nymphs. 

7th. 18 eggs, all hatched. Nymphs not kept afUT 2nd moult. 

lOlh, 8 eggs, all hatched. Nymphs not kept after Ibt moult. 

12th, 5.30 A.M. mating : continued to mate 29 hours. 

16th. 8.80 P.M. ditto ditto 19J hours. 

20th. 10 eggs. These eggs not kept. 

26th. 5 eggs. ditto. 

26th« Killed both the cf & 2 pitsserved. W’e were forced to kill this pair as 
at this period we had as much living material in our laboratory as we 
could properly care for. ^ 
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Recoud III. Cage 2. — ]912. 
i?. rariolanvs ^ x E, servus cf . 

May 

Srd. 3.00 P.M. luaiinj? : continued to mate 7 hours. 

23rd. 1 egg, unfertilized (did not show the initial stages of development). 

27th. 7 eggs, ditto ditto 

26th. 6 eggs : one developed and hatched. 

29th. 5.00 A.M. mating : continued to mate 15 minutes. 

29th. 1.15 p.m. ditto ditto 18 hours. 

June 

2nd. 17 eggs : 3 apparently unfertilized, 14 hatched. 

8th. 5 eggs : 3 apparently untertilized, 2 hatched, 

llth; 18 eggs, in 3 groups: 12 apparently unfertilized, 6 hatched. 

11th. 3.50 P.M, mating : continued to mate 51 hours. 

14lh. 13 eggs, in 2 groups: 4 apparently unfertilized, 9 fertilized, 8 of which 

hatched. 

16th. 6 eggs : 7 apparently unfertilized ; 1 fertilized, hut did not hatch. (Watched 

the female depositing some of these eggs.) 

2lst. 10 eggs: 9 apparently unfertilized ; 1 fertilized, but did not hatch. (Watched 
the female depositing some of these eggs.) 

25th. 10 eggs, in 2 groups: 6 apparently unfertilized, 2 hatched. (Watched the 

female depositing some of these eggs.) 

30th. 10 eggs, in 3 separate groups : 15 apparently unfertilized, 1 Imtched. 

July 

9th. 9 eggs, in 3 gi'oiips: all apparently unfertilized. 

16th. The female died. 

Total number of eggs deposited 120 

„ „ apparently not fertilized 83 

„ „ fertilized but failed to batch . . 5 

„ „ hatched 32 

Record TV. Cage 36. — 1912. 

. First Pair of F^ Hybrids. 

July 

19th. 6.00 P.M, mating; continued to mate 15 hours. 

28th. o.OO A.M. ditto ditto 28 hours. 

August 

2nd. 31 eggs 30 hatched : 14 reared to the winged stage — (9 A 5 $ ). 

3rd. 5.00 A.M. mating : continued to mate 16 hours. 

4th. 17 eggs, all batched : 13 reared to the winged stage — (5 cf & 8 $ )• 

7th. 6.80 P.M. mating : continued to mate 15^ hours 

9th. 22 eggs, all hatched : 13 reared to the winged stage— -(6 d & 7 $ ). 

12th. 28 eggs ; 20 survived 1st moult ; 18 reared to the winged stage — (9(f & 9 J ). 


♦ Unless stated to the contrary, the eggs were deposited in one symmetiioal group, which 
is typical of both vartolarius and aorvwt. 
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August 

13th. 5.00 A.M. mating : continued to mate 20 hours. 

17th. 9.00 i*.M. ditto ditto 14 hours. 

19th. 30 eggs (one grouj) of 8 & one group of 22 eggs) : killed t> for cytological study. 


19th. 

14 reared to winged stage — (9 cT & 5 J). 

6.(X) P.M. mating : continued to mate 26 hours. 

2l8t. 

7.30 P.M. ditto 

ditto 

2 hours. 

22nd. 

3.30 P.M. ditto 

ditto 

5 hours. 

24th. 

5.45 P.M. ditto 

ditto 

5 hours. 

25th. 

6,30 P.M. ditto 

ditto 

4 hour8„ 

2Gth. 

5.30 P.M. ditto 

ditto 

4.\ hours. 

27th. 

21 eggs (at 10 a.m.): 

18 survived 

1st nion’lt, 12 reared to winged stage — 


(3 J & 9 $). 


27th. 5.30 r.M. mating: continued mate 3 hours. 

28th. 4.00 r.M. ditto ditto 3 A hours. 

July 

30th. The male died niid was preserved in g!yeerin(‘ (tube 34). 

31 st. 20 eggs (deposited on wire top of cage) : 19 hatched, 12 reared to winged 

stage — (6 (5 & 7 J ). 

.SErTEMBEB 

3rd. Killed the $ and preserved in glycerine. This female would undoubtedly have 
deposited more fcrtili/.ed eggs, but at this period we had as many 
nymphs developing from all the hybrid pairs as we could properly care 
for, and were forced to be satisfied witli the number of offspring already 
secured from ibis })air. The male was photographed, and is shown on 
Plato 28 , photo 9. 


Rkcokd V. Cage 39. — 1912. 

Second Pair of Fi Hybrids. 

July 

19th. 9,00 P.M. mating: continued to mate 13 hours. 

SOth. 5.00 P.M. ditto ditto 10^ hours. 

August 

1st. 28 eggs. Discovered the $ sucking these eggs ; she had taken the entire 
contents from 7 and probably more vrere injured, as only 11 hatched. 
8 reared to winged stage— (5 cf & 3 ). 

5th. 28 eggs, 17 hatched (6 survived 2nd moult). These were later caged wit 
nymphs from eggs deposited August 12tb. 

6th. 6.00 P.M. mating : continued to mate 57 hours. 

12th. 11 eggs, 3 hatched. These were later caged with nymphs from eggs deposited 

August 6th. 8 reared to winged stage— (4 cf & 4 ? ). 

12th. 7.30 P.M. mating: continued to mate 12^ hours. 

ISth. 30 eggs, 24 hatched : 13 reared to winged stage — (5 cT & 8 $ 

15tli. 3.30 P.M. mating: continued to mate 15t hours. 

16th. 15 eggs, 12 hatched : 6 reared to winged stage— (4 d & 2 
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August. 

mh. 

20th. 

22iid. 

24th. 

24 th. 
25th. 
2Gth. 
27th. 
28tl). 
30th. 

30th. 

3lBt. 

Sbptembbb 

Ifit. 

1st. 

2nd. 

3rd. 

3rd. 

3rd. 

4th. 

5th. 

8th. 

9th. 

nth. 


12th. 

ICth. 

21st. 


({.00 p.M. mating : continued to mate 9^ hours. 

G.(X) p.M. ditto ditto 15 hours. 

19 eggs, 15 hatched : 7 reared to winged 8tngo-~-(0 ^ 1 J ). 

7.30 P.M. mating: continued to mate 13^ hours. 

23 eggs, 15 hatched : 5 reared to winged stage— (3 c? i’t 2 } ). 

5.45 p.M. mating : continued to mato 9f hours. 

2.00 P.M. ditto ditto 8^ hours. 

5.30 p.M. ditto ditto 4J hours. 

5.30 P.M. ditto ditto 5 hours. 

7.30 p.M. ditto ditto 6-J- hours. 

8 eggs: i) hatched (2 survived 2nd moult). These wem later caged with 
nymphs from eggs deposited September 3rd and September 11th. 

4.30 P.M. mating : continued to mate 4i hours. 

3.45 p.M. ditto ditto 5^ hours. 

6.16 A.M. ditto ditto 2^ hours. 

9.00 p.M. ditto ditto 2^ hours. 

4.45 p.m. ditto ditto 7|^ hours. 

7 eggs (4 survived 1st moult). These were later caged with nymphs from 
eggs deposited August 30th and September 11th. 

Noon, mating : continued to mate 3J hours. 

4.80 P.M. mating : continued to mate 5} hours. 

3.(X) p.M. ditto ditto 9 hours. 

6.15 p.M, ditto ditto 2\ hours. 

7.30 p.M. ditto ditto 4^ hours. 

5.15 p.M. ditto ditto J j hours. 

15 eggs, 12 hatched (8 survived 2nd moult) ; added these to nymphs from eggs 
deposited Aug. 30th & Sept. Srd. 10 reared to winged stage — (4(5* & 
6 ?). 

6.00 p,M. mating : continued to mato 1 ! hours. , 

The <S died : ])re8erved in glycerine (tube 44), This male was photographed, 
and is showm on Plate 28, photo 14. 

Killed the $ . Preserved in glycerine (tube 44). 


Recohd VI. Cage 40. — 1912. 

Third pair of Fj Hybrids. 

July 

24th, 5.00 A.M. mating : continued to mate hours. 

30th. 28 eggs, all hatched : 15 reared to the winged stage — (5 <5 & 10 } ). 

Slst. 5.00 A.M. mating : continued to mate 16 hours. 

August 

1st, 28 eggs : 25 survived Ist moult ; 18 reared to winged' stage —(11 cf & 7 2 ). 

Srd, 28 eggs: 20 survived 1st moult ; 12 reared to winged stage — (6 & 6 2 ). 

6th. 6.(X) p.M. mating; continued to mate 17 hours. 

11th. 7.80 P.M. ditto ditto 2 hours. 

16th. 5.(X) A.M. ditto ditto 2 hours. 
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August 


16th. 

10.00 A.M. 28 eggs, all hatched : 17 reared to winged stage — (10 J ^7 9 )• 

16th. 

9.00 P.M. mating 

: continued to mate 6^ hours. 

17th. 

3.46 P.M. ditto 

ditto 

5J hours. 

18th. 

2.00 P.M. ditto 

ditto 

7 ^ hours. 

PJlIi. 

6.00 P.M. ditto 

ditto 

3^ hours. 

20th. 

14 eggs. Killed 

7 for cytological 

study ; the remaining 7 hatched. Added 


Q that survived the 2nd 

moult to nymphs from eggs d(‘posited 


August 27 

th. Ilearod the 6 to winged stage. 

20th. 

7.30 P.M. mating 

: continued to mate 3 horns. 

21st. 

1.30 p M. ditto 

ditto 

8 hours. 

22nd. 

3.»‘K) P.M. ditto 

ditto 

8 hours. 

24tli. 

5.45 P.M. ditto 

ditto 

4| hours. 

26th. 

6.30 P.M. ditto 

ditto 

4 hours. 


26tli. 17 eggs, 16 hatched : 0 roared to wiii'-ed stage— (4 (S & ^ ? )• 

20th. 5.30 P.M. mating : continued to mate 4 hours. 

27th. 10 eggs, nil hatched : 9 reared to winged stage ; 15 in this cage including the 

0 added from eggs deposited August 20Lh — (S (j* 7 5 ). 

27th. 3.30 P.M. mating : continued to mate 0.] hours. 

28th. 7.30 P.M. ditto ditto 5J hours. 

29th. 5.15 P.M. ditto ditto 4^^ hours. 

30th. 13 eggs, 12 hatciied : 8 that survived were latter caged with nymphs from eggs 

deposited September 7th. 

30th. 4.00 i*.M. mating: continued to mate 7 hours. 

SkI'TBMBKR 

2nd. 15 eggs, all hatched : 10 reared to winged stage— (0 d' & 4 
2iid. 4.45 P.M. mating: continued to mate 3| hours. 

3rd. 8.00 p.Af. ditto ditto 1 hour. 

4th. The male died, and was preserved in glycerine (tube 38). This male is shown 
oil Plate 28 , photo 10, 

7th. 12 eggs, 1 1 hatched, and after the 2iid moult 8 nymphs were added from the 

eggs deposited August 30th. 17 reared to winged stage — (4 cf & 13 c? )• 

7th. Killed the female and preserved in glycerine (tube 38). AVe were forced to 

kill this female, as at this period we had as many nymphs ns we could 

properly care for. 

IlECORi) Vll. Cage 41. — 1912. 

Fourth Pair of Fi Hybrids. 

July 

28th. 6.00 P.M. mating: continued to mate 12| hours. 

August 

8th. 20 eggs, 15 hatched: 8 reared to winged stage — (4 <5* & 4 9 ). 

1 3th. 5.00 A.M. mating: continued to mate 31 hours. 

17th. 26 eggs, 22 hatched: 13 reared to winged stage— (7 c? and 6 9). 

22nd.' 18 eggs, 16 hatched : 5 reared to winged stage — (I c? & 4 9 ). 

23rd. 3.30 p.m. matinir : continued to mate 40 hours. 

26th. 6.30 P.M. ditto ditto 17 hours. 

27th. 26 eggs, 21 hatched : 9 reared to winged sta»o — (2 J & " 2 )■» 

27th. 6.30 P.M. mating: continued to mate 13. j hours. ^ 
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August 

28th. 10 eggs, ] 3 survived Ist moult: These were later caged with nymphs from 

eggs deposited Sopteniber 8th. 

81st. 27 eggs, 23 survived l.st moult : 12 reared to winged stage — (4 cf & 8 ?). 

3l8t. r).30 p.M. mating : coutinued to mate 11| hours. 

September 

oth. 24 eggs, 16 survived 1st moult: 7 reared to winged stage — (4 J & 3 ?). 

5th. 6.15 P.M. mating: coiitiuiied to mate 49 hours. 

8th. 14 eggs (7 killed lor cytologicnl study) : 5 hatched ; added these to nymphs 
from eggs deposited August 28th. (18 in all.) 9 reared to winged 
stage--(6 (5* & 3 2 )• 

8th. 2.30 1*.M. mating: continued to male II J hours. 

Oth. 5.15 P.M. ditto : ditto G hours. 

lOUi. 7.00 P.M. ditto : ditto 2 hours. 

11th. Killed both c? and 2, and ])restM*ved in glycerine (tube 42). The male is 
shown on Plate 28, photo 12. We were forced to kill this pair, as w© 
had as many nymphs in the laboratory as we could properly cave for. 


Uecoiid VIII, Oaoe 44. — 1912. 

Fifth Pair of F, Hybritls. 

August 

Oth. 2.00 P.M. mating : coutinued to mate 39 hours. 

8th. 25 eggs, 2 hatched : none reared to winged stage. 

9tli. 5.00 P.M. mating : continued to mate 4 hours, 

nth. 5.00 a.m. ditto ditto 1 hour, 

]4lh, 13 eggs (1 group of 10 aud 1 group of 3) ; 9 hatched, 7 survived 3rd moult. 

These were ca^ed lateu* with nymphs from eggs deposited August 20th. 

16lh. 6.00 P.M. mating : continued to mate 14 hours. 

19th. 5.00 A.M. ditto ditto 4 t 2 hours, 

20th. 13egg.s: 8 survived 1st moult, 4 .survived 2i)d moult. Added to nymphs 
from <5ggs deposited August 14th. 8 reared to winged stage— (1 d & 

r5). 

23rd. 3.30 p.m. mating: continued to mate 16 hours. 

27th. 30 eggs : one hatched. Did not rear. 

27th. 7.30 P.M. mating : continued to mate 14^ hours. 

28th. 7.30 P.M. ditto ditto 9J hours. 

29th. 15 eggs: 11 survived 1st moult, 4 survived 3rd moult. These were later 

caged with nymphs from eggs deposited September 8rd. 

September 

1st. 9.00 P.M. mating : continued to mate 7 hours. 

2nd. 4.45 p.m. ditto ditto 7^ hours. 

3rd, 14 eggs, 8 hatched: 5 survived 2nd moult, added these to nymphs from eggs 
deposited August 29th ; 8 reared to winged stage—fS <5 & 6 2)* 

3rd. Killed both the c? & and preserved them in glycerine (tube 87). The male 
is shown on Plate 28, photo 11. 

We killed this pair because the small percentage of eggs that had 
hatched indicated that these bugs were not functioning normally, 
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Sixth Pair of Fi Hybrids. 

(This 5 at)(l the 5 of Oafre 48 were fertilized by the same cJ* .) 

August 

15th. 8.30 P.M. mating: continued to mate 15^ hours. 

22nd. 21 eggfs, 0 hatched (only 2 survived the 1st moult): later added these to 

nymphs from e<rg8 deposited .Aujrust 27tli. 

27th. 9 eggs, all hatched : added these to nyinph.s from eggs deposited August 22ud. 

5 reared to winged stage — (2 c? & 3 J ). 

27th. 7.30 P.M. mating : continued to mate 3 hours. 

29th. 14 eggs, 1 hatched and died after 1st moult. 

29th. 5.15 P.M. mating : continued to mate dj- hours. 

Reptembbu 

3rd. 14 eggs. All fertilized, but none hatched. 

3rd. 2.30 p.m. mating: continued to mate 71 hours. 

4th. 12 egg.s : 7 fertilized, but none hatched. 

4th. 3.00 P.M. mating; continued to mate 0 hours. 

5th. G. 15 P.M. ditto ditto 1| hours. 

8th. 19 eggs, 6 hatched. Later added these to nymphs from eggs deposited Sep- 
tember 1 1th and September 14tb, 

11th. 11 eggs, 10 hatched, 8 survived first moult. Added these to nymphs from 

eggs deposited September 8th and September 14th. 

11th. 5.45 P.M. mating: continued to mate 5| hours. 

12ih. G.(X) P.M. ditto ditto 4 hours. 

13th. 0.00 P.M. ditto ditto 2^ hours. 

14th. 14 egg«, nearly all fertilized, 3 hatched. Added these to nymphs from eggs 

deposited Sepiember 8ih and Sepleiiiber 11th. 8 neared to winged 

stage — ('5 d •.'t 3 $ ). 

17th. 12 eggs ; 1 1 fertilized, but none hatched. 

17th. 12.45 P.M. mating ; continued to mate hours. 

18th. 8*00 P.M. ditto ditto 5* hours. 

19th. 8 eggs; 4 fertilized, none hatched. 

19th. Killed the male and preserved in glycerine (tube 49). I'his male was photo- 
graphed, and is shown on Plate 28, photo 13. 

2l8t. Killed the female and pro.served in glycerine (tube 49), 


Reooiu) X. Cage 48. — 1912, 

Seventh Pair of Fj Hybrids. 

(This $ and the ? of Cage 40 wx»re fertilized by tlie same d •) 

AUGUST 

16th. 9.00 P.M:. mating : continued to mate 8 hours. 

19th. 5.00 A.M. ditto ditto 5 hours. 

20th. 21 eggs, 20 hatched : 15 reared to winged stage — (0 d & 9 9*). 

22nd. 15 eggs ; 13 survived first moult. 10 reared to winged stage— (4 d' & 0 9 ). 
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At7017ST 

26 th 6.00 A M , 2 B (one frt'oup of 16 atil one urroup of ) 2 ): 20 hatched, 14 
1 eared to winfred (3 c? & 11 ? ) 

2 »th 6.30 A M matiTift co itinu^^d to mate lOJ hour^ 

28th 14 eggs, 4 hatched. These were caged later with nymphs from eggs deposited 
August Slat. 

3ist 1 1 eggs, 14 hatched. Added those to nymphs from eggs deposited August 
28th 12 reaiod to winged stage (10 cf 2 5 )• 

31 St. 8.30 P u. mating: continued to mate 1)^ hour^. 

SaPTEMBRR 

lat. 0.00 p.M ditto ditto 8 hours 

2nd. 14 eggs, 13 hatched. 9 reared to winged stage (6 cf 3 J). 

2nd. 4 46 p nr matinjr : continued to mate 3^ hours. 

0th 10 eggs, all hatched. These were caged latiT \iith nymphs from eggs deposited 
Reptember 8th. 

7tli i 30 p.M mating : continued to mate 3 hours 

8th 4 eggs, all hatched. Added these to nymphs from eggs deposited September 
5tli 8 reared to ^\inged stage — (*> cJ & 3 f) 

8th 7.30 p.M. mating* continued to mate 2 hours. 

17th Killed the female, as she had not mated nor deposited eggs for 9 days : pre- 
served in glycerine (tube 46) The male is shown on Wate 28, photo 18. 

Kecorp XI. ('‘aoe 50. — 1912. 

One Pair Fj Hybrid ? x Pure rariolarins <J . 

AtJQtTST 

22nd. 7.30 p m mating • contimied to mate 13 hoins. 

25th. 9 eggs* 7 developed, hut failed to hatch. 

27th. ILeggs: all develojie I, 2 hatched After second moult, these were caged 
witli nv mpln horn eggs deposited Sept inber 2nd and September 3rd. 

28th 15 eggs : 13 develoiied. but none hatched 

:K)th. 14 eggs, 10 hatched naied to winged stage— (7 fS k 'll 9). 

Skptrmbfk 

2nd. 6 eggs, 6 deve]o])ed, but only 1 hatched. After first moult, this was caged 
* with nymphs from «*ggs dep »sited August 27th end September 3id. 

3rd, 8 eggs, all developed) 3 batched. Added these, after first moult, to nymphs 
from I'ggs deposited August 27th and September 2nd. 4 reared to 
winged stage— (3 cf A 1 9) 

4tb. 13 oggs, 5 hatched. Those were caged latter with u} luphs from eggs deposited 
September 16lh nnd September 18th. 

8th. 11 eggs, all hatched : 7 reared to Winged stage— (8 cf & 4 $ ). 

11th. 14 eggs, 13 developed, but none hatched. 

I3th. 4 eggs, all developed, but none hatched. 

lOth. 10 eggs, 9 developed, 2 hatched. Added these later to nymphs from eggs 
deposited Hepteuiber 4th ami 18th. 

I8ih. 4 eggs, 2 hatched. Added these, after second moult, to nympha from eggs de- 
posited September 4th and September lOih. 0 reared to winned 
stage— (5 d kl $), 

noth parents killed and preserved in glycerine (tube 47). The male was 
photographed, and is shown on Plate M, ]^oto 68, 
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BU8CHISTUS VARIOLARIUS, E. SERVUS & HYBRIDS. 


VARIOLAKIUS MALES iSi MALES tioin Fi 9 X E. VARIOLARIUS ^ 
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¥2 HYBRIDS from E. VARIOLARIUS ft E. SERVUS 
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Fa HYBRIDS from E. VARIOUVRIL'S & E. SERVUS. 





Fa HYBRIDS frmn E. VARIOLARIUS & E. SERVUS. 
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F2 hybrids from E. VARIOLARIL'S & E. SERVUS. 




F2 hybrid^ ‘.nil E. VARK>LAKir> w'i E. SERVl'S 
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i:XPLANiVT10N OF THE PIRATES. 

All the photographii are of male specimens. In all cases only the ventral surface 
of the bugs is showu. 

I'lie two bugs of photii I are dried specimens. Those of photos 2 to (3(5 are preserved in 
glycerine *. The specimens are placed serially in u small test-tube wJiicb is filled with pure 
glycerine and hermetically st^alud. The genital segment of each bug has been pulled out 
and cotton inserted behind the segment to hold it in position to show the entire ventral 
surface. 

The magnification is about 11 diametei's: this varies slightly heenuse the work was deme 
by iwf» photographers, and they did iu>t gi%e exactly the same enlwgemeiit. The repro- 
diictioiiH are bromide prints niad»' directly from large negati\es of the original plates; the 
individual photographs of which these plates were composed being suuprints from the 
original negatives. 


Plate 28. 


Photo 1. 


l‘HOTO 2. 


Photo S. 

Photo 4. 
Photo 6. 


Male specimens of Euschistus variolariits and Euschistm serms. On the left is 
E> varivlarim^ showing the ventral surface and the clearly defined black 
spot, always present on the genital segment of the males of this species. 
On the right E. servm, showing the ventral surface and tlie genital segment 
without any trace of the black spot typical of variolarius, 

Seven male specimens of E, variolariuSf showing the typical black spot on tin 
genital segment. These specimens m*e from the first generation of 1912. The 
parent bugs were of the first generation of 1911, which were kept in captivity 
through the winter of 1911-12. 

Five male specimens of E. mrvus received from North Carolina in the fall 
of 1912. 

The wild E, servus male that fertilized the E, variolarius female. 

Three of the five E. set'vus males that were caged all winter with E. variolarim 
females : see page 342. 


♦ We are indebted to Prof. Ralph Tower, of the Museum of Natural History of New 
York, for suggesting the use of glycerine as a preservative. 
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l*jiOTO 6. One of the two male E, variolanuB from the same deposition of eggs from which 
we raised the three females for crossing with .E, iservus ; see page 342. 

Photo 7. Two male specimens of the Fi h^^brid generation. These bugs were killed 
August 11th, 1912, and their testes dissected out and mounted for cytological 
study. 

Photo 8. Two male specimens of the Fj hybrid generation. Killed August 28th, 1912. 

Photo 9. The male of the first pair of Fi hybrids. The Fy males from this pair of 
hybrids are shown on Plate 29, photos 17-2*'). See llecoi’d IV. and page 346. 

Photo 10. The male of the third jmir of I'l hybrids. The Fj nialea from this pair of 
hybrids arc shown on Plate 31, photos 33-41 . See Record V I . and page 347. 

Photo 11. Tlie male of the fifth pair of Fj hybrids. The h’y male.s from this pair of 
hybrids are shoAvn on Plate 28, photos 15 and 16. See Record VllT, and 
page 347. 

Photo 12. The male of the fourth pair of Fi hybrids. The Fy males from this pair of 
hybrids are shown on lUate 32, photo‘< 42 48. See Record VI L and page 347. 

Photo 13. The male of the sixth and seventh pairs of Fi hybrids. The Fy males from 
the sixth ])air jire sliown on Plate 32, ]>holos 49 iV 50, and the Fy male.s 
from the sc^venth pair are sliown on Plato 33, photos 51-57. See Records 
IX. and X. and page 349. 

Photo 14. The male of the second pair of Fi hybrids. The Fy nniles from this pair 
are .shown on Plato 30, photos 26-32. See Itecord W and p«gt‘ 346. 

Photos 15-16. Four Fy males from the fifth pair of F, hybrids. See photo II for the 
male of this jiair of liybrid-s, Record and pjige 347. 


Plate 29. 

Photos 17-25. Forty-thiee F.. males from the first pair of F, hybrids. See photo 9, 
Plate 28, for the male of this pair of hybrids, Recoid IV. and page 346. 

l^ATK 30. 

Photos 26-32. Thirty Fy males from the .second pair of F, hybrids. See photo 14, 
Plate 28, for the male of this pair of Fi hybrids, Record V. and page 346. 


Plate 31. 

Photos 33-41. Forty-eight Fy males from the third pair of F, hybrids. See photo 10, 
Plate 28, for the male of this pair of hybrids, Record VI. and page »147. 

Plate 32. 

Photos 42-48. Twenty-seven F'y males from the fourth pair of Fi hyl/iids. See 
photo 12, Plate 28, for the male of this pair of hybrids. Record VI J. and naue 
347. 

Photos 49-50. Six Fy males from tbe sixth pair of Fi hybrids. See jdioto 13, Plate 28, 
for tbe male of this pair of hybrids, Record IX. and page 349. 


Plate 33. 

PKOTOB 61-57. Thirty-two Fy males from the seventh pair of F] hybrids. See photo 13, 
Plato 28, for the male of this pair of hybrids, Record X. and page 849. 
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Plate 34. 

Photo 68. The pure male variotariiis that was raised in the laboratory in 1912, and the 
same season fertilized both a pure female mriolanua and the hybrid 
female of Kecord XT., and pages »*U5, 363. 

Photos 69-6]. Ten males from the above mentioned pair of pure variolarim. See 
photo 68 for the male of this pair. 

Photos ()2-()6. l^ighteen males from the above mentioned F, hybrid female, fertilized bv 
the pure variolanus male of photo .68, Uecord XI. and jmgos 345, 362- 3. 
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On ii (collection of Lund and Freshwater Gastropoda from Madagascar, 
with Descriptions of new (Tonera and new Speci(‘s. l^y Guy C. ItOBSON, 
B.A. (Communicated by l^rof. G. (». Bouiine, F.ILS., See.L.SO 

(Plate 35, and 6 Text-figures.) 

(Publislied by perijiis.sion ol the Tru-^tees of ihe British Museum.) 

[Read 4th June, 1914.] 

The collection described here was formed by tlie Hon. F. A. Methuen and 
M. Ferrier do la Hathici in Madagascar, and was >ent by the first named to 
Frof. G. C. Bourne, F.lt.S., by whom they were handed over to the British 
Museum for examination. Tlie bulk of the material was collected by 
Messrs. Methuen and do la Bathie por.sonally during their residence in the 
island, while a pari was obtained from a field-collector, M. llerschell Chauvin 
Me.ssi>. Methuen and do la Bathie have kindly [)resented the types of new 
forms here described and the major {)art of the rest of the collection to the 
British Museum. 

The specimens collected are mainly of couchological inten‘st, and the new 
g<uiera and new species have been established upon couchological characters ; 
but it is believed that they are suftici(*nlly clearly marked in each case to 
warrant such a supcudicial <liagnosis. Examples of some of tho animals of 
which the shells hav<‘ boon de.soribed here are available, and it is boj)cd that 
it will bo po, visible to publish an account of the anatomy. (8ee Appendix.) 
Absence of this sort of information mu>t necessarily prevent any positive 
asse‘rtiuns being made upon flio relationships of tho molluscan fauna of 
Madagascar in tho light of this collection, eonchological n‘somblances being 
very inade(puit<*. ovidenco for basing .siudi generalizations upon. Certain of 
the eonclusions, provisional in so far as they depend upon eonchological 
evidence alone, may bo however alluded to here. 

It has long been known that the land and freshwater ]\ro]lusca of Mada- 
gascar exhil)it closer affinities with those of tlie Oriental region than with 
those of continental Africa. The resemblance may not he very marked. 
The molluscan fauna of this island is peculiar ami individual. But where its 
affinities are obvious they appear to be as indicated above. Moreover, the 
converse is true — some very distinctive groups of African mollusca are either 
absent or only sparsely represented in Madagascar (Cooke, ‘ Tho Concho- 
logi.st,’ vol. ii.). Specimens obtained by Messrs. Methuen and do la Bathie 
lend support to this view, though only, as has been admitted above, of a 
provisional nature. It may be worth wdiilo to point out tho interesting 
forms. 

The new genus, for which the name liathia has been proposed, is un- 
doubtedly the most interesting feature of the collection. In th^ absence of 
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anatomical knowledge wo have to point ont that the characters of the shell 
aj)proxiinate it to the very characteristic genus Tapliroapim^ which is confiiiecl 
to India, Burma, and ilic Andaman Islands. If the concliological evidence 
is supported hy tlie anatomical (the animal itself was unfortunately not 
found), the ’’dationship thus established Mill be oven more satisfactory 
than the occurrence in Madagascar of the characteristic Kaliella harrak^ 
porensis and K, of India, for in the latter instances it is impossible 

to assort with any certainty that the two species in question were not intro- 
duced by human agency. Again, the genus Kalidos recently proposed by 
Glide (Proc. Malac. Soc. vol. ix. p. 261)), and now reinforced by another 
species here described, appears to constitute a further link with the East. 
The affinities of this genus are doubtful. They may be with the AV.v^a-forms, 
which have a wide distrilnition in the Malay Archipelago and farther cast 
as far as the Solomon and Admiralty Islands. But (ol. Godwin-Aiisteii 
informs the author that he suspects its affinities possibly are with the 
South Indian Ario]>hanta. 

Finally, Ave may direct attention to a fact that does not appear to have 
been commented on before. It would appear that it is witli tlu^ South Indian, 
Singhalese, and possibly Malaysian forms, rath<»r than with the North Imlian 
fauna, that the Malagasy fauna has to be coni))ared. 

The following is an analysis of the eiglitccii genera (*ompris<»d in the 
collection of Messrs. M(^tlnien and de la liatbie: — 

A. Peculiar to Madagascar. 

Melanatna. 

Jlelicophanla (with nearest allied genera in the (>ricntal Uc'gion). 

Ampelita, 

Clavaior, 

Kalidos (with nearest allied genera in the Oriental Region). 

JJatliia (allied to the Oriental laphrospira), 

B. Gommon to Madagascar and the Oriental Region. 

Hemiplecta Appendix). 

liliysota. 

0. Oommon to Madagascar and the Oriental Region and found sparsely 
in Africa. 

Paludomus, 

D. Common to Madagascar and Africa. 

Cleopatra. 

Urocyclvs. 

( 7'ropidophora) , 

The rest of the enumerated genera are cosmopolitan. 
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III the iippendeil dekiils the twenty-lives (out of thirty-two) peculiar species 
are in di cats'll by an asterisk. 

Note. — Since writing this introduction the author lias received an in- 
teresting' eonnnunication iroin Ooloncl Jl. H. Godwin-Auston, F.U.S., with 
reference to the comnuinity ol‘ species between Madagascar, Mauritius, and 
India. He draws attention to the fact that an Assamese s})ccies of Macro^ 
chlaniya has been introduced into Mauritius witlj dliait, or unhusked rice, 
exported from Assam, and goes on to say : ‘‘ 1 fi‘el quite convinccil that 
India, Madagascar, and th(5 H. coasts of Africa have been in connection with 
each other by native craft going back 4000 years or more. The Banana has 
played its part in the transmission of species.’^ Such observations show that 
caution is necessary in dealing with caso^ of community of species between 
the East and West coasts of the Indian Uc<‘an. For a more extended 
survey of this question, </. (Jodwiu-Austen, Proc. Malac. Soc. 1908, p. 146. 
The author has to thank (Jol. Godwin-Austen for valuable assistance and 
advice in the determination of some of the forms here cniunerated. 


IjIst of Species. 

STREPTONEURA. 

1. Neiutina aA(;ATEs, Lamk. 

Lauiarck, An. s. Vert., p. 

Between Tamatave and Murodasatia ( Antongil Bay), E* Madagascar. 

Bepresentative examples. 

So far as can he discovered, this is tlie first notice of the species from 
Madagascar, tliough it has been previously recorded from Mauritius and the 
adjacent islands. 

2. Neiutika [Clypeolcm] pulugeua, Lhm., var. Kkoriu, / iVc/u.:. 

Liun^, Syst. Nat. ed. xii. p. l:^o3. 

Localiiif. Vide no. 1. 

A small discoloured example. 

This variety, according to examples in the British Museum, extends as 
far east as the Goram Is. (New Guinea), aiul is also found in Continental 
Africa, The species is also Ibuud in Australia and C. Polynesia {Filsbiy). 

3. ¥ Cleopatra trabonjiensis, K A. Smith. 

E. A. Smith, P.Z. S. 1882. 

Lake Alaotra, N. end. 

Cleopatra multilirata and CL SmithUy Anooy (Nautilus, xx. 1906, p. 45) 
are strikingly like this species, and do not appear to differ specifically. 
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Those two forms aro from Vinaninony (Madagascar) and the It, Oliozi 
(H. (Jontral Africa). 

4. ^.Paludomus Grandidikri, ('ross(> <S' FUvher. 

(^•osse & Fischer, Journ. dc Conch. 1872, p. 2011. 

Localitf/? (Ivustcr, Gonch.-Cab. F. p. 45, oivos “streams of F. Mada- 
gascar {(irandulivr) 

5. "^PaLUDOMUS MADAGASCAR! ENSLS, Jh*oi , 

Drot, ill Iv lister’s Concli.-C-ab. 1880, vol. F. 

LocaUtj. (11, no. 4 (Brot only givc< “ Mailagascar ”), 

This species is ro[)ri‘seiit(Ml liy a single (‘xanipli^ sliglilly ililVering from rlic 
tyjiical form in that the shoulders of tlic apical whorls are ornamenhd 
with a rim. 

rt would appear iliat these two species are tin*, only re[)resentatives of 
the genus, which is otherwise r<\-tnctod to India, and largely b) (?(‘ylon, 
Tlio allied gcn(*ra landlla^ ^tomalodoa , and J^hiloi>otamis an* (essentially 
Singhalese. 

G. ’^MeLANATIUA rm’MINKA (Gnudin). 

Cineliii, Svbt. RoOR, Huccimm flamitmm, 

Torrents between Matilasu and Mangoro (F.), and at source of l{. Ilio\ika 
(1000 m. alt.). 

Lake Alaotra ? 

Jlepreseiilativc examples. 

7. ^MkLANATRIA flollNSTONl, K. J. ISmdh, 

Smith, l^ /. S. 3s(82. 

Mahnvavy, Bcdohaidy (100 m. alt.), and Maliavavy-Tandrabii. 

1{ e prt'stm fca t i v( ^ exa n i pies , 

8. ? Melania psorica, Moreld. 

Alorelet, Journ. de Conch. 1804, p. 287. 

Localit f/ ? 

Represented by a f(*w weathered and incomplete specimens. 

Though agreeing in most respects with the figure and descri[‘tion ot /fnorica^ 
these examples, howev(‘r, exhibit an aperture very effuse towards the base. 
If more mateiial of good condition were forthcoming, it might lead one to 
consid(;r this a ww species, though in any case it is very near ji^^onea. 

In general this species a])pears to be allied to the nfdis group (Ceylon- 
Amboina). 
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9. Melania amauula { Brufj .). 

Hrugui^ro, Eacycl. AJotliod. t. 408 , Ihdhuus amarula. 

Ijocality. VS. no. 1. 

Ton oxHinjJes, all jiivonilo. Tlio spines in all aj)])oar to be rather short 
^vllen coinparetl with exain[)los of tlni same a^^o from Mauritius. 

According to von Martens, Moll. Maur. 1880, 1». 2 1 1, the Valuta ft uviu tilts 
of Rumphius from Anihoina, compared by Ituinphius to Linne’s Jlelur. 
amarula^ is the sam(i as this species. This gives an eastern extension of the 
species, wliich is otherw ise known from the Comoros, Bourbon, and Mauritius, 
and the j)resent locality. 

10. Melania tuheucui.ata, Muller. 

Muller, Vena. no. «‘178, Melania tuhcrcnlata. 

Locality. ( 'I*, no. 1 . 

Itather smooth exam])l(*s with littJt* tub(‘rculalion aiul marked spiral sculp- 
ture, the body-whorl rather v<‘iitricose. 

11. "^TuoPiDomioicA incAHiNATA, Sowerhy. 

S(mor)jy, 'I'lic.^uurus, vol, i., C^clostonia, p. 1 l*U. 

Forest of Folohy. 

In \\oods 300 to (lot) in. alt. botw(*eii Matilavuaiid Mangoro. 

Vide under 12. 

12. *TlU)l‘JI)OrHolU IIETSJLOKNMS, .1. JSntith. 

'JSiiutli, P. Z. S. 188:^. 

In woods 300 to GOO in. alt., l)et\^cell Alatilavu and Mangoro, and near 
Lukt' Alaotra. 

This species is very near the preceding, and it is possibh; that further 
investigation nj>on a good supply of material would furnish interxening links. 
As it is, the t\xo .species appear to he dixisible upon the nature of the 
umbilicus alone, which is uncovered in betsiloensis. 

13. *Tkoi*ii)ophoua concjeneua, B. a. Smith. 

Smith, 1. c. 

Woods, on limestone soil, Ainbongo. 

A single w’oathered example. 

This species is, as i^imith admits, very closely related to another Malaga»sy 
form, C. consanffuineum, Sowerhy. 

14. ? *TKOPinOPHOKA sp. ? 

One example from woods on limestone soil, Nomoroko, Ambongo. 
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Thi.s example is very weathered, and precise determination is thus pro- 
clnded. It. appears to he near T. Ihjtitmu, Miiller, tlioii^h, as far as can he 
made out, sufficiently distinct. 

15. *Tropii)01*hora baltbatom, Sowerby. 

Sowerby, T. Z. S. 187.*$, p. 4o2. 

One example from woods on limestone soil, Amhongo. 

It). •Ampullakia maoagasoahibnsik, K, a. Smith. 

Lake Alaotra. 

Ambongo. 

Ponds and streams in W. Madagiisciir. 

EUTHYNEUEA. 

rULMONATA. 

Snhorder fiasommatophora. 

Fain. L I M n 1 1> 

17. *Limnasa iiovarum, Tristram. 

Tristram, P. Z. ti. 1803, p. Ci . 

Lake Alaotra. 

The examples of this species are all very Jiiucli eroded, and it is not possible 
to be quite sure if the sculpture alluded to by ISmitb (P. Z. S. 1882, j). 385) is 
present, though traces appear to remain. 

L. speevlaris, Morelet MS. (B.M.) is a synonym. 

Suborder Stylommatopliora. 

Fam. LiMACiDiE. 

18. *Uroctclus PiNGUis, n. sp. (Plate 35. figs. 6, 7.) 

Locality. Vide no. 1 (r. Appendix). 

This species and the Veronicella described below have bad names proposed 
for them in spite of the fact that preservation in alcohol has had the result of 
discolouring them. Reliance has been placed in the other superficial characters 
for determining them, with the result that it has been impossible to find any 
described species with which it is possible to identify them. 

Body swollen and stout, moderately carinate, the posterior jmrt of the body 
traversed by longitudinal grooves which occasionally are bifurcated, and the 
interspaces between which are marked by smaller grooves set at right angles 
to them. 
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Shield railier liir^e, rounded posteriorly, wrinkled and granular, with a 
small dorsal pore. Tail trimeato. 

Foot deeply sulcate transvcn'sely and its edge thrown into folds t in the 
posterior region. Anteriorly smooth and non-]>licate. Tlu^ median third 
about equals the lateral areas in width. 

Colour (in alcohol) : very pale dirty yellow, with two lateral bands of 
faint purplish-brown on the shi<dd. 

Leiigth 20*0 mm., breadth mm. Breadth of foot -1*5 mm. 

Holotype in the Zoological Lb'partment, Brilish Museum. 


Fam. ZoN iTi n m. 

19. "^JtHYSOTA /KQUIVOCA, 11. >p. (Bhltc 35. figS. 

Woods, liassic limestone, Ambongo. 

The above generic jiOMtion has been assigned upon the concliological 
characters speeitied as generic by IMlsbry (Man. (Wch. 2nd series, ii. p. 6), 
though it is highly probahh^ tliat more complete anatomical knowledge of the 
group will lead to a redistribution of the forms assigned to this and the 
related gen<u*a. 

Shell ^ery depres*^ed ; sjiire scarcely salient at all, perforate, shouldered at 
the begimiing of the last whorl ; whorls 5i, gradually increasing in size, the 
last increasing rapidly. The sculpture is the same above and below, and 
consists of closely-s(‘t and slightly undulating lines of growth finely decussated 
to give a close granular texture to the surface. Suture impressed. Aperture 
irregularly lunate, lh<' inferior edge slujdng gently down to an expansion 
occupying the extreme interior angle ; external superior angle rounded off ; 
coluinellar lip slightly expanded over the umbilicus. Peristome a little 
thickened. (Colour very pale dirty yellow, becoming brighter at the peri- 
stome and paler in the coluinellar region. 

Dimensions (max.) 35*5 mm. diam. x 16 mm. alt. 

Holotype from Ambongo, in the Zoological Department, British Museum. 

20, *Kalidos Bournei, n. sp. (Plato 35. tigs. 8-10.) 

Woods, on limestone soil, “Turingy do Namoroko, Ambongo’’ (P. de 
la i#.). 

This is clearly to be included in the genus proposed by Glide (Proc. Malac. 
Soc. 1911, p. 273) for Ileliof e/con^oensUy Augas. At lirst sight it appears to 
resemble that species ; but while is obviously juveuilo, and this 

species is adult, the latter is smaller, while, in addition, it lacks the exquisite 
sculpture of Augusts species, is flatter in the spire, and exhibits other 
differences. 

t It is just possible, but not at all likely, that this plication is due to contiaction 
in spirit. 
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Shell minutely perforated, depressed, thin ; 5^ whorls ; siitur<». impressed ; 
the part of the body-whorl above the periphery about the same size as that 
below ; surface smooth, scarcely marked by the lines of growth. The peri- 
phery rounded. Colour yellowish, becoming lighter underneath ; the body- 
whorl traversed by two spiral chestnut bands, one on the periphery, the other 
above it; the latter is continued on to the upper whorls. Aperture flattened, 
lunate, gently curved without any angulation. (Columella very slightly 
reflected over the umbilicus. 

Dimensions: 19 min. (max. diam.) x 11*25 mm, (max. alt.). 

Holot>pe in the Zoological Department, British Museum. 

21. *Hemiplecta oleata, Ancef/ (r. Appendix). 

llvmiplecta oleata ^ Ancey, jSautilus, 10, p. 05. 

Forest of Folohy. 

The examples representing this species agrerj very closely with the typ(s- 
doscription, except that the upper surface can scarc.oly be rogardiMl as entirely 
“irregulariter granulata,^^ the granulations heing in most parts regular and 
formed by the decussation of spiral striae on the lines of growth. 

22. "^Hemiplecta bathensis, u. gp. (Plate 35. figs. 1-3.) 

Woods, liassic limestone, Ainbongo. 

The author experiences consid(*rablc tliftidence in jilacing this in the above 
genus. It resembles javaniea^ Lamk., ranked by Pilsbry (Man. Conch, 
ser. II. 2, p. 80) along with certain other Indian and Malaysian forms as 
“connecting [AWa] with Xef^tinay’ and by Glide (Journ, Malacol(>gy, x. 1903, 
p. 54) as a Ifemiplectu. Gudo^s view appears to be tlu^ more correct, 
though, from consideration of examples in the .British Museum, it would 
seem as though javanica is not a true Uemiplecta^ but more probably a 
form intermediate betw’oen the latter and Xeata, 

Shell perforate, subconoid, thin ; whorls C, periphery rounded. The closely- 
set lines of growth decussated by spiral strite that are sometimes closely 
gathered and undulating, sonietiine.s scattered and irregular. Aperture 
without any angulation, rounded, somewhat effuse. .Colour white or yellow, 
the body-whorl traversed by two bright chestnut bands, one at the periphery, 
the other above it, the latter continued onto the upper whorls. The columella 
reflected as a short, rather broad-bused callus. 

Dimensions; 36 mm. (mux. diam.) x 22 mm. (max. alt.). 

Holotype in the Zoological Department, British Museum, from Ainbongo. 

23. "^Bathia madagasoariensih, n. gen., n. sp. (Plate 35. figs. 11-13.) 

It is only after considerable hesitation that the author has decided to assign 

a generic position to the single representative specimen. 
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It is clearly unlike any species described hitherto either from Madagascar 
or the adjacent regions, Ethiopian or Oriental. At first sight the author Avas 
inclined to consider it a Toplirospira^ as its generic uflBnities clearly lie in 
that direction; but inasmuch as conchologica I evidence is alone available, it 
has sc orned better to give it generic rank rather than associate it with a genus 
of vvhicli a clearly-defined conc(‘j)tion fonndt‘d ujron anatomy has been foimied, 
and to which its resemblances are at the best only general. 

Batiiia, n. gen. 

Shell in gen(*ral I'orm rescunbling that of Taphrospira^ but with the apical 
M'horls flattcuied down lo the level of th(‘ body- whorl, yielding a perfectly 
horizontal apical region, and the body-whorl (juadinite in outline ; suture 
deeply channelled ; minutely perforate. 

Bathia madaoasoariensts, n. sp. 

Shell thin, subpcdlucid, very pale yellow; whorls (!i, those of the apex 
depressed and flattened to the level of the body-whorl, the suture deeply and 
widely chaniudled ; sculptured with numerous extremely fine spiral stria*, 
intercepted by lines of growth. Aperture luiuite, with a depression above 
corresponding to' the channelled suture and forming an acute upper angle ; 
columellar liji very slightly refleet(*d over tin* umbilicus. When viewed in 
profile the hody-whorl is seott to he very little rounded, horizontal below, 
and remarkably wide in cornpari.son to its depth. 

(ienotype in the British Mus(*inn (Zoological D(*partment), 

From woods on limestone, Naiuoroku (Amhongo). 

Dimensions: alt. 9*75 mm., diain. 19 mm. 

A knowledge of the anatomy of the forms in ijne>tion can only yield a 
sati‘«factorv answer ; hut it may eventuallN he found that Ferussic's Ileliv 
fmrtinnida (Seyehelh*s and Mauritius) and Morelet's //. n/rlar/a (Mauritius) 
fall into the group of this g(*nus and I'aphroapim. 

Fam. Vaoinulid.®. 

24. "^Veronicella hovarum, n. sp.f (r. Appendix). (Plate 35 . figs. 4, 5.) 

Locality (see no. 1). 

Body elongate, oblong, anterior and posterior ends equally rounded off, 
rather markedly arched, as much di.stended below the mantle-edge as above 
it; mantle-edge acute. Foot separated from body by a well-marked groove, 
plicate transversely and, in addition, subdivided by numerous thin ridges 
which are often themselves subdivided, and the edges of which are frequently 
frilled, posteriorly rounded, anteriorly squarely truncate, slightly tapering 
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towards the extremity. Posterior tentacles dark grey, transversely wrinkled ; 
anterior tentacles pale, slightly bifid at the extremity. 

Colour (in alcohol) : the skin of the dorsal surface, which is covered with 
minute irregular papillae and sparsely traversed by meandering seams, is 
dark bluish grey, becoming dull purplish yellow anteriorly. The median 
line is occupied by a thin yellow stripe, which falls 2 or 3 mm. short of the 
end of the body posteriorly and is lost anteriorly. The under surface is the 
same as the upper near the mantle-edge, but becomes paler near the foot, 
which is dull yellow. 

Length (in alcohol) 33 mm. ; breadth 14 mm. ; width of sole 5 mm. 

Type in the Zoological Department, British Museum. 

Fam. Helicidac. 

25. ^Hblicophanta soitverbiana, Fischer. 

Fischer, Joupn. de Conch. 18(50, p. 210. 

Woods, 300-600 m. alt., on gneiss rocks, Mangoro and Matitona (E.). 

26. "^Helicophanta bioingulata, E. A. Smith. 

E. A. Smith, P. Z. S. 1882. 

N. centre (plateau, about 1000 m. alt.). 

27. "^Helioophanta Methueni, n. sp. (Plato 35. figs. 14, 15.) 

Liassic limestone, Ambongo (W.). 

Erect, pyriform, imperforate ; whorls nearly 5, the last very largo. Aper- 
ture suboblique, rounded below. The columellar lip perpendicular and 
forming a flat triangular callus over, but not closing, the umbilicus. Peri- 
stome narrow, a little reflexed. The umbilical region markedly effuse. 
Growth-linos, as in H. phenax, decussated by spiral striae, but even in rather 
worn examples not nearly so closely. Colour of the inferior half of the 
body-whorl ? pale yellow or ochreous, traversed by a brown band, the upper 
half and apical whorls of a yellowish brown, delimited from the inferior 
lighter area on the body-whorl by a second brown band. 

Akin to H. phenax^ Pilsbry, but distinguished clearly by the character of 
the columellar lip and umbilical region, the more acute apex, and probably 
by the texture. 

Max. alt. 61 mm. 

Holotype in the British Museum (Zoological Department), from Ambongo. 

28. Eulota siMlLABis, Firuss. 

Fdhissac, Hist. net. Moll. i. p. 171. 

Locality. Of. no. 1. 

This species, as is now well known, has been distributed throughout the 
tropics in the soil adhering to coffee-plants. 
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29. *AmPBLITA SBPUliCHRALIS, FSruss. 

F^russac, Hist. nat. Moll. i. p. 51. 

Anamalagotra and Tainatavc-Marodasatia, 

30. *Ampeuta xystkua, Pfinjf. (after Valenciennes, n. n.). 

Jleliv nomcula^ v. Martens, Nor. Conch. 1S79, vol. v. p. 181. 

2L lanx^ var., F^rusaac, Hist. iiat. Moll. i. p. J557, ])1. 62. 8, 9, 10 (1850). 

II, xysterUf Pfeiffer, Synibolaj, 1841, p. 41 (after Valenciennes, n. n.). 

fAmpelita Shavi, E. A. Smith. P. Z. S. 1882. 

Tainaiave-Marodasatia. 

Woods, liassic limestone, Amhongo. 

Woods, gneiss, Mangoro-Matitanavii, 300-600 in. alt. 

I did not think such a synonymy were possible ; but upon supplementing 
Mr. Methuen’s material with shells from the British Museum and others 
kindly lent by Mr. J. H. Ponsonby, it became obvious that all the forms 
indicated grade into each other by imperceptible degrees. 

Fam, STBNOGYRIDiE. 

31. *C!hAVATOIt CliAVATOR (Petit). 

Btdimtu clamtor^ Petit, Hotuo Zool 1844, p. 8. 

Near R. Mang<5ky (S.E.). Woods, limestone soil. 

32. "^(Jlavator EXiMirs (Shuttle worth), 

SpiraX'is eximia. Shuttle worth, Mittheil. Bern, iiaturf, Oea. 1852, p. 208. 

Between Matitanu and Mangoro (E.) ; woods, 300-600 in. 

As Pilsbry (Man. Oonehology. ser. ii. vol. xvii. p. 193) remarks, the 
relation of Clavatov to other genera cannot be intelligently discussed until 
the soft parts are investigated. Jn addition, ‘"the species resemble several 
diverse groups in other regions, C, oUusaius has a Stenogyroid contour, 
C. GramiuUen is Placostyloid, and C, BaUUmi, e,rhm’a, &c. resemble Thau^ 
mastus^' (Pilsbry, loc, cit,), Mr, T. Iredale, in addition, informs me that 
C. €Mmia has often been taken for Placostylus Bollonsi (New Z •aland) at 
first sight. It is possible that this group is polyphyletic, and that anatomical 
knowledge will serve to discriminate the various elements. 


Appendix. [Jnne 3rd, 1914.] 

Since the foregoing account was drawn up some tivelve months ago sundry 
delays have hindered its publication. The author therefore avails hynself of 
the^present opportunity to remedy in some small measure the deficiency of 
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information respecting the anatomy of the forms under discussion. The chief 
item of interest in these additions is the fact that dissection of the form 
diagnosed on conchological grounds and named fTemiplecta oleata by Ancey 
(no. 21) has resulted in the discovery that it is not reteralde to JJeiniplevta, 
but appears to occupy a position near Rlu/sota. 

Additions to the preceding account are given below, and figures have been 
incorporated in the text. 


Methvenia, n. gen. 

Foot-sole undivided, a large vortically-di rooted caudal mucous pore. Tiic 
penis and epi phallus are long and narrow ; the vas deferens is also very long 
and bears an elongate cylindrical flagellum placed at a considerable distance 
from the epiphallus ; vagina elongate. Jaw sim[)le, with a median projection. 
Radula having the marginal teeth long, unicuspidato, almost straight, and 
furnished with a deeply excavated base. Shell large, globose-depressed, 
thin, with the surface irregularly granulated abov(', and having the fine 
growth-lines decussated by sinuous s[)iral lines Ixdow ’’ {Aneep). 


Methvenia oleata (Ancey) (r. no. 21, antea). 

The mantle^ on removing the shell, is found b) bo pale, with numerous 
dark brown and white flecks, and a numl)orof elongated dark lines extending 
transversely across the mantle from the intestinal area. 

The /hot is pro/xiWy chestnut-brown in colour. Ti exhibits a very narrow 
and partly evanescent peripodium, and a deep, vertically phn ed, caudal 
mucous pore which bears two lateral extensions which impart a cruciform 
shape to the pore. The latter character may be due to contraction in spirit. 
Burno (Proc. Malao. Soc. ix., 1910) has described a similar appearance of 
the mucous pore in Wnjsota FonilloyL The foot-sole is undivided. 

The precise interpretation of the mantMobes is uncertain as yet. There 
appear to be only a right cervical lobe, which encircles the pneumostome, and 
a subdivided left cervical lobe, a condition like that seen in lihysota (vf. Burno, 
loe» cit.). 



Badula of Mdhvenia oleata (Ancey). (Eeichort, 4 oe. x 6 obj.) 


The^aw (fig. 2) is simple, but remarkably thick. It bears a well-marked 
median projection. 
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The rad/ida (fig. 1) exhibits a formula as follows : — 

?50. ?20. 1. 20? 30? =rl41. 

The transition between the lateral and marginal teeth is, as usual in these 
forms, difKcult to determine, so that the relative numbers constituting each 
series must be left subject to query. 

The distinctive feature of the rudula is the series of long, acute, and almost 



Fig*. 2. .Jaw of Methvenia aleata (Ancey). (Heichert, 2 oc. x obj.) 

Fig. 3. Genitalia of Methvenia oleata (Aiicey). penis; <77, epipliallus ; pr, penis 
retractor; vd, vas deferens; jfl, flagellimi ; v, vagina; spth, spermatheca ; 
Mf sperm-oviduct; off, albumen-gland. 


straight marginals, which much resemble those figured for Rhysota Fovilloyi 
by Burne (v. antea ) . Such teeth are of course met with in other genera 
(e. g. Ariophantd)^ but never to the author^s knowledge in combination with 
the precise median and laterals here figured. 

The genitalia (fig. 3) are characterized by .the long narrow penis and 
epiphallus, and also by the cylindrical flagellum borne on the very long and 
winding vas deferens at a considerable distance from the epiphallus. In the 
female organs the distinctive feature is the length of the vagina. 

WKN. jrOUEN, — ZOOLOGY, VOL. XXXIX, 32 
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Tlie kidney is characteristic in boing long and relatively very broad, and in 
having its distal extremity curved. 

The association of characters above emimerated is not found in any other 
Zonitoid genus the author is familiar with, and the works of Godwin-Austen, 
Semper, &c. have been searched in vain. CJearly allied to Rhysota, and 
possibly yiriophanta^ it nevertheless appears to be generically distinct. 

Vbronicklla ho varum, n. sp. (t?. antea^ no. 24). 

The radnla (fig. 4) has the formula : — 

?17. ?34. 1. ?34, ?17. =105. 

The teeth are closely crowded and the Iwise of the (central tooth re obscured 
by the internal angles of the first laterals. The rows of teeth are disposed in 
an undulating pattern, each half-row slanting forward from its central tooth 
until about the fortieth tooth, and then commencing a backward slant. 

The jaw (cf. fig 5j is remarkably wide. It ('xhibits four or five broad 
overlapping plates at each extremity, wliih^ tin' median plates are more 
narrow and fibrous. 



Fig. 4. Veronicella kovanim, liadula. (Reichert, 4 oc. x C obj.) 

Fig. 5. Veronicella hovnmn. Jaw. (Zeiss bin., 2 oc. x F. r>/> oiyj ) 

Fig. Urocycltis ptnyuts, Radula. (Reichert, 4 oc. X 6 obj.) 

Urocvolus pinguis, n. sp, (r. antea, no. 18). 

The radula (fig. 6) has the fornnila : — 

?36. ?17. 1. ?17. ?36. =107. 

The central tooth has a peculiar tendency towards asymmetry, the lateral 
cusps shown in the drawing being frequently disposed at different heights 
frooii the base. 
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KXPl.ANATION OF PLATE 35. 


h2, 3. 
Eigs. 4, 3. 
(5,7. 

Mifs. 8,0, JO. 
Figs. II, 12, K5. 
Jngfl. 1-1, ITk 
Figs. 1(», 17, IK 


JlnniplfHn hathcnsis, n. sp. 

Vvvmiicolfa hovamim, n. sp. 

UrocyHm )iinyui\ n. sp. 

Katidos hournau ii. ftp. 

Jiathia madagaavarittmBf n. ii. sp. 
Ilelienphanttt mcthumi, n. sp. 

Ithysota rorparoca^ ii. .<sp. 
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W. A. La]Til)orn\s Breeding Experiments upon ylmra cncedon (Linn.), 
in ilic Lagos District o£ West Africa, 1910-1912. By Edward 
B. PouLTON, D.Sc., F.R.S., Pres.L.S. 

[Read 2iid April, 1914.] 

The typical form of Acnra encedon is a tawny butterfly with a black, 
white-barred tij) to the fore wing. The pattern thus closely resembles that 
of the typo form of Danauia chr//sippu»% Linn. A, encedon is polymorphic 
in both sexes, and the following forms are referred to in the present 
memoir : — 

Stand., “ the tawny areas of the typical forms are replaced by 
smoky brown” (p. 112*). This form is transitional in one direction into 
dark-grey butterflies without any tawny tint, and in the other into dark 
forms of encedon, 

Ah'lppina^ Auriv. “ The h.-\v. has a white central suffusion of varying 
extent” (p. 212), thus reproducing the pattern of the alcippns, Oram., form 
of chrpsippiis and of transitional varieties between and chrysippus* 
J)aira^ Godin. & Sal v., *‘the black of apical half of f.-w. and the white 
subapical band are absent. In some cases the subapical band may be traced 
as a slightly paler area on the ground-colour. All the black markings much 
reduced” (p. 212). 

ConimLvta^ Poultonf. Tliis form is a combination of the two preceding, 
having the central white patch on the hind wing of alcippina^ and a fore 
wing approaching that of daira in the tint of the subajiical bar, which is tawny 
like the ground-colour. The pattern thus resembles the albinusy Lanz, form 
of chrysippus^ but the mimetic relationship is not suggested because of the 
rarity of the model and its restriction to the parts of Africa where dorippus 
is abundant. 

Lyda, Fabr. ^‘The ground-colour of both wrings is white, the black 
markings being as in the typical form” (p. 112). ‘^Examples of the lycia 
form may havo the ground-colour pale creamy yellow” (p. 213), and arc 
thus transitional towards the syanzini form. 

Syanzinif Boisd. “ The tawny areas of the typical form are replaced by 
a dusky yellowish colour ” (p. 212). 

* This description and those of the other forms except commirta are quoted from 
H. Eltringham’s great work, ‘‘ Monograph of the African Species of the GonusAcraa/ 
Trans. Ent. Soc. Lond. 1912, pt. i. 

t Trane. Ent. Soc. Loud. 1913, p. 409. ^ 
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The GeoijraphicaJ Distribution ami Mimetic Associations of the forms 

fj/ Acnpu oneoclGn. 

The account contained in the following four paragraphs was drag'll up hy 
the present writer in 1907 bnt has not hitherto been published. 

Aerwa the female oi Ht/poUmnas misippus (Linn. ), presents three 

forms mimicking the three forms of Danaida vhrysippus (Linn.), but, being 
without the extraordinary powers of Hight possessed by the Nymphaliiie 
co-mimic, their geogniphic*al coincidence with the forms of the model is 
closer. This superiority is particularly interesting in relation to Mullerian 
mimicry when we remember that the Acneimr are a highly protected group. 

In South Africa the predominant form is eacedon^ resembling the pre- 
dominant chrysippus. Dr. Dixey and Dr. Longstaff, from their experience 
of it in this ])art of th(^ llegion, state that encedon was “ so successful in its 
mimicry of L. vhrysippus as at first to make one of us believe it to be that 
species Tlnjrc is also a black and white form, lycia^ F., and, even more 
commonly, a black and yellowish form (syanzini^ Boisd.) which occur not 
only here but throughout the East Coast range of encedou. Mr. Marshall 
has recorded that lycia, when u])on the wing, shows a decided resemblance 
to the whiter forms of Aerwa esehria^ Hew.f 

As wo pass northwards, forms with white hind w ings {alcippina^ Auriv.) 
and forms in which the black and white tip to the fore wing is evanescent 
(daira^ Godm. & Salv.), both rare in the So.uth, begin to increase in'numbors, 
intermixed with the tyf)o encedon. Finally, in British East Africa, all three 
forms occur commonly, daira and cncedon being most abundant, just as 
are the corresj)onding models — the dorippus, King, and type forms of 
I), chrysippus, 

111 the West, all forms excej)t sganzini occur, but the late Mr, Herbert 
Druce, F.L.S., received t from a locality in Sierra Leone several specimens 
of alcippitiaj which seem to show that the alcip>pus form of 1>, chrysippus has 
here at least produced some effect as a model. The specimens in Mr. Druce^s 
series are not onlj' all alcippina but unusually pronounced examples of this 
form, and beautiful mimics of the tropical West African form of JJ.chrysijf pus. 

H. Eltringham remarks of the distribution of encedon: ‘‘None of the 
forms seems to bo specially characteristic of any particular locality, though 
the alcippina form seems to attain its maximum development in West 
Africa” (/. c. p. 213). “The lycia ^ alcippina^ and infuscata forms are more 
numerous in AVest African locjilities tlian elsewhere, though they seem 
liable to occur elsewhere” (p. 211). 

• Trans. Ent, Soc. Loud. 1907, p. 318 ; also p. 828. See also p. 821 for the converse 
mistake, viz. of model for mimic. 

t Trans. Ent. Soc. Lond. 1902, p. 479. 

t Trans. Ent. Soc. Lond. 1902, p. 480. The daira form is extremely rare in the West. 
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Since the appearance of Eltringham’s monograph much evidence has 
acemnuhited proving beyond doubt the strong development of the whiie- 
hind-winged alcijfjnnu form in the interior of Sierra Leone, from which 
area it is probably continuous into N. Nigeria. The following list of examples 
of alciiqnna and its model alnpjnis^ recently received by the British Museum 
of Natural History, has be(}n kindly prepared by Mr. N. D. Jliley, F.E.S. 
The extraordinary predominance of the female ald/tpina over the male — 
oO to 5 — strongly suggests the prevalence of all-female families such as 
Mr. W. A. Land)orn finds in the Lagos district. 

Dated e,(ramj)lei( of Danaida chrysippiis, f. alcippus, and Aenua encedon, 
f. alcippina in the JinlisU Museum^ from Sierra Leone and 


1. — SiEiiaA Leone. 

(k)llecteil by J. 

.1. 8iui]).soii. 







li. chrtfHtppuHf 

A. 

encedon ^ 




f. ftlrijijnts. 

f. alcippina. 




y /w, 

— — . 

[ — 

— , 

Kaiidiia. 

•i-t. iii. 

101 1>. 

14 d 

— 



JSassia. 

iii. 


n,; 

— 

— 

— 

Kokona. 

lii. 

»» 


— 

— 

— 

Yana. 

;10. iii. 




— 

— 

Laiuiiiuia 

tin. iv. 


Id 

— 

— 

— 

Port LoJdio. 

n 11. V. 

•» 

Id 

19 

— 

— 

liatloitti. 

Jo- 18. V. 

}} 

8d 

r»c,> 

— 

— 

Kafojro. 

2.T V, 

«» 

•*> 3 

1*9 


1$ 

Knballn. 

l7. V. 


4 3 

— 

— 

J? 

licnikoro. 

;]u. V. 

*7 

— 

— 

— 

1? 

balaba. 

J, li. 

It 

— 


— 

1 ? 

Tirikui-t). 

lo-17. \i. 


— 

— 

Ic? 

1 ? 

Kououra, 

20. VI. 

»» 

— 

— 

— 

i? 

Jiuiubaiiva. 

22 . \l. 

77 

Id 

— 

— 

— 

.lohaiinu. 

1 * 8 . vi. 

77 

Id 


— 

— 

(lietiia. 

(». viii. 

77 

— 

— 

Id 

— 

Jowati. 

in. \iii. 

77 



— 

IS 

Odj^bema. 

22 . viii. 

77 


— 

Ic? 

:{8$ 

Bo. 

1. ix. 

77 

Id 

39 


— 

Mat we 

7. X. 

77 

5d 

— 

— 

2$ 

11. — N. NioicuiA. C/ullecU'd by 

(1. T. 

Fox. 




Puny am. 

2 . vi. 11)10. 

— 

i>9 

— 

— 

(Baluchi Prov.). iJ. vi. 

77 

— 

— 

Id 

IS 


4. vi. 

77 

— 

15 

Id 

IS 


31. vu. 

77 

— 

-- 

— 

1$ 


13. viii. 

77 

Id 

— 

— 

— 

Totals 



50 d 

15? 

^>d 

50$ 


In addition to the above, the British Museum Collection contains a single 
undated female alcippina from Panguma, N. Nigeria, another undated 
female £r6m 70 miles up the river from Freetown, Sierra Leone, and an 
undated male from Liberia. 
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The predoniinant development of alcippina in Sierra Leone will be 
rendered evident by the following list of the other West African forms of 
encedon in the British Museum, also prepared by Mr. N. D, Riley, together 
with all AVcjst African forms, including alcippina, in the Hope Department, 
Oxford, and the Tring Zoological Museum 


Localities ani> 
Museums. 

I. British Musciiiii. 
n. Hope Department.* 
III. Tring Museum. 

1 

1 encedon. 

\ 


a I 

C ! 

1 ! 

S 

-- i 

1 

S 

■| 

c 

i i 

'5 ' 

■ 

lycia. 

Gambia Kivor . . 

ni. ! 


1 

! 

1 

2d 2 9 

Id 2 $, 

Sierra Looiio 

T. • 


Ic?" 1 


^.^.1 

II. 


19» 

i Id 19; 

1 

1 

III. 



19 


39, 

* Gold Coast . . 

1- 







' Id 

[ Nigeria, N. & S.. 

I. 



2d 20$; 

ild*!3d 19 

5d 17?' 


IIK 


Id 

7d 2$'',ldi 

;id 19: 7d'’ 59 


Ul. 


1 





29 

Oamoroons 

1. 

Ic? 

! 

19 


i 




III. 


i” ■ 

1 


I9i 


Congo State .... 

I. 

2$»j 


1 1 

' . ' . 


11. i 

39 

1 2d*" 

— y — 

■ 2d 1 


m. 


2cT 7$ 

1 

IS. 

Id I 9 I 

Angola 

i; 

19 

1 

! 


1 

! 

■ 


n. 


19 


! 

! . 

' 


m. 


21(5"' c? 



! 


: 7d 3 $ 

Totals 


Id 3$ 

24d 169 

12 d 23$ 

Id ^Qild 

Od 49 25d 39? 

. 


- 





_ 





^ including' a few Hpocimena from the collections of M. CharlcH Oberthur and of the Luscombouff 
Mufienm, which I have had the opportunity of studying at Oxfoi*d. 

* Transitional towards lycia* 

Port Lokkoh : 1912 : Mrs. Addison. 

•* The type of the form, from Lower Niger. 

® Not including the captured parents of any of the families tabulated on pp. 407, 409-'4l4. 

*■’ The $ $ very dark : . opo c? with a fulvous f.-w. bar. 

7 Ibadan, S. Nigeria : May 1910 ; Eev. Ijakc S. Noble. 

** Included in the 7 cJ d is injured specimen of which the sex is not quite certain. 

® One $ is the typo of “/wlw,” Bonbl., Westw., and How. 

Very dark specimens u Ono rf transiticmal towards alcippina. 





teXPBtllMlSNTS UPOlrf ACR^A ENOBDOK. 


396 


The relative proportion of males and females suf/gosis the prevalence of 
all-female families, especially in Nigeria. The figures from Old (5alahar, 
included in the Nigerian toials from the British Museum (L), are remark- 
able : — 18 ¥ infuscata^ 1 ? commixta^ 14 ? lycia. 

The two lists confirm Eltringham^s conclusions as to the West African 
forms quoted on p. 392. The second list also shows the excessive rarity 
of dairay the predominance of hjcia^ ami, next to it, injuscata and infuscata-- 
encedoHy followed by com mixta. The two lists together show that alcippiita 
is rare except in Sierra Leone. 

The nearest api)roach to the proportion of the encedon forms on the West 
coast, S. of Sierra Leone, is to be found in Madagascar, where the pale form 
sganzini is predominant like the slill paler hjcia,, and a dark dull form of 
encedon represents infuscata. The IVIadagascan isganzini are transitional into 
a cream-coloured h/cia, I have not seen any form from Madagascar except 
those above-named and intermediates between them. 

In the Hope Department there are la J and 3 ? of sganzini (1 (J might 
be called a cream-coloured li/cia),, and (> d" I ¥ of encedon-infnscata (1 d 
showing transition towards sganzini) ; in tla^ Tring Museum 9 d f ? 

of sganzini ; in the British Museum 4d uwd 1 ¥ *^f sganzini ; in the Luxem- 
bourg Museum 1 d Jtt»d J $ of sganzini and 1 d transitional between 
sganzini and infnscata. 

On the oj)posite Easl eoas( of the continent the pale forms are chiefly 
sganzini^ like Madagascar, but tludr proi^ortion is very tlift'erent, being much 
less than that of Thus there are lo encedon and 4 from 

Natal in the Hoj)e Department. The Igcia of the West is replaced by the 
yellower sganzini^ somewhere about the liift Valley, in British East Africa. 

The much larger amount of material now available supports the conclu- 
sions, arrived at in 1907 (p. 392), as to the geographical relationship between 
certain forms of encedon and those of ]), chrgsippus. The form daira is 
common where dorippus is common, ami becomes rare where doripjnts is rare 
or wanting : the typical, brightly coloured encedon is predominant wdierc the 
type form of chrgsippus prevails : the only locality whore alcippina is 
abundant is part of the area over which alcippus displaces every other form 
of JJ, chrgsippus. Mimicry occurs in both sexes, although the female, 
at least in the encedon form, is a better mimic than the male, ])artly on 
account of its larger size but also because of the whiter subapical bar to the 
fore wing. 

The Forms o/Acrasa encedon in the Locality of the 
Breeding Fxper intents . 

The following specimens, captured by Mr. W. A. Lamborn in the Oni 
district, about 70 miles cast of Lagos, are included in the Table on p. 394. 
From Oni ; 1 d 2 ¥ Igcia^ 1 ¥ infnscata ; from IJakun, 4 miles N.W. of Oni: 
4 d infuscatay 1 d 1 ? commixtay 1 d ^ 9 Igcia, To these must be added 
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the captured parents of Families I, and 3-16, recorded on pj). 407, 4:09-4:14, 
viz. 2 cJ 7 $ lijcmy 1 3 ? {n/aitcafa^ 1 ? commuta^ from Oni ; 1 1 ? ///c/a, 

I ? infusmta^ from Idakun. The totals from Oni district are therefore 
16 lyda (ii ^ 11 $ ), 10 infumila (ii (J 5 ? ), and 3 eominuia (1 c? 2 ? ). 

The artifieial conditions produced no apparent effect, the lycia^ infiucata^ 
and eommicta of the breedinj>* eKperimeiits being similar to the captured 
specimens of the same forms. The families \v(U'e examined by Eltringham, 
who states that “the majoritv .... consist of two i'orms, viz. in/uscata ami 
lyeia. The latter arc somewhat unusual in having broad suflTused orange 
intornervular markings on the hind margin (»f the secondaries on the under 
side, also some basal markings of the same colour (/. r. p. 213). It is also 
noticeable that tlie males of these Southern Nigei'ian lyvia are ilistinctly 
yellower than their females, and that the snhapieal bar of the fore ingin 
the in/uscata forms is yellow in the male, white in the female. Lamborn 
concludes that lyda is certainly threes and prohatdy four times as ninnerous 
as in/uscata in the neighbourhood of Oni, and his matcudal shows that com- 
mixta is much rarer than iu/uscata. He did not meet with any othei- form 
except those throe, nor did any other appear in his long series of breeding 
experiments. 

Tabular iStatement of W, J. Lamborn^ s JJreediny Experiments (pp. 397-8). 

It will be observed that Com])anies 3 and 7, togetluT with Family 8, 
suggest that lycia ami not in/nseata is dominant, a conclusion rendered 
improbable by the rest of the iiguros. These 3 sets, together with Family 7, 
are probably to bo explained by comparison with Families 4 and 13. The 
lyda ? parents of those two families laid eggs in twm batches, which were 
kept distinct, and th(‘ larvjc roared separately. Jjoth families us a whole 
yield approximate equality of in/uscata and lycia^ but the constituent batches 
depart widely from this ratio. The 1 irregular results referred to above are 
all manifest In relatively small n limbers, and they may bo fairly referred to 
the causes which produced the constituent batches of Families 4 and 13. 

The inferences us to the Mendel ian coiistitution of the parents wero sub- 
mitted to my friend Mr. L. Doncaster, wdio has had 'so wide an experience in 
this lino of research. He kindly wrote, April 16, 1913 : — 

think lyda must be reco'sivo in spite of the Inverted 3 ; 1 cases, becauK'- 
of Family 2. Both ]>arents were from Company 4, and if lyda wero 
dominant all tiio lyda individuals would presumably be heterozygous. 
I think all your inferences as to jiarentuge are correct.^* 

Mr. Donoastor also remarks ; — “ It is a pity there are no known cases of 
in/uscata ? x lyda ^ and dee versa^ which would test whether tlie in/uscata 
character is sex-limited in the ? ; but as none of the mixed families have all 
the <? S in/uscata and ? ? lycia^ it does not seem likely.’’ 
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The results of breeding the Wild (iurvu), the Ooiiipaiiios, and Families I -o have been 
recorded in l*roc, Ent. See. Loud. Jl)ll, pp. iiv -hi, before the appearance of 
lOltringhani'H moiiograpli, containing ai llioroimli siecouiit of all the forms of A. finaedon. 
The darher forms found nnd bred at Oni, uame<l erwedoiixw the 1J)11 publication, aro 
now recognised as and a feu a» cowmi.r/a. 


/ /M 1/ », 


Source of the Broods, witli 
tilt* forruri of liie 
parents when known. 

with ti low 

J.XJt, 

Infened Meij<lelian constitution of the 
Parent.s. Kein!irk>. 


Male. 

Feiiiulo. 

Male. 

luiiiuie 


Wild Larvje(l) 

1 

i 

1 

0 

S 

r> 

215 

Two r" t ' A 1 9 (‘•fnuni^/u aiifl 1 ti'ansi- 
lioiial ,* are iiiclndt'd among the 
The 27 lute'll emergences 

wen* all 9* 

i „ » (i2) 


17 


IS 

One 9 included among the 

The 51 appeared with 

2 9 9 hi the; 5 latest emergences. 

(Joiiipaiiy 1 



1(5 

;»2 

Both [»areids recessive (hjrln). Two 
f li approach njhuni.i'fa. 

2 


2t 


23 

Oin* parent lietd’o/ygott* (o/fn«‘u/ff). the 
other rece(»hive (Ii/cmO. 



:}:> 



One parent doniinunt the 

other either dominant. heU'rozygoto 
{uijn><t(ih>), uv recessive ilfrtu). 


a 

- 

1 

1 

One (Kirent heterozygote {uij\ucn(u)^ the 
other recehsive (hjrut). 

1 

1 *J 


0 


10 

The proportion.". sngge>tiiig heterozyguto 
h/u(t for hoih parents, arc more pro- 
bably due to a special batch of ova. 
(See Fams. 1 A: 13.) 

„ d 




3 

Both parents rei*cssive (h/ri<n. 

1 < ... 


1 

i 7 

(» 

Inference as in (.k». 5. 

j Fam. 1. J 




18 

Both pamits rece-^sive. 

• „ 2. c< $ If/rot 

fr. Ooinpany t 


' 

r^~' 

13 

’ Both parent-^ j'occssive. One n-P* 

proaehes nnnmoVo. 

„ 1*. 9 infnmtta 

5 

1 

11 

1 

1 

(*» 

1 

1 

13 

The 9 parent heterozygote, the J roccs- 
sive [hjriu ). . 

„ 4. 9 hjeUt .. . 

. i xi 

! 

i’~ 

38 

The 9 pwrent n^cessive, the hetero- 

zygote {iufuiiciftii ). Eggs ill 2 batches, 
yieldinij- very different proportions. 

„ 5. cJ 9 infuscaUt... 

1 28 I 
• 

j 

t 

1 

1 

j ! One parent dominant, the other dominant 

j ! or hotorozyffot<‘. 9 parent with ful- 

• j vouK snbapioal bar inlieritod by 13 off- 

j j Bi)ring, of which 2 i^tproach comnuxta. 
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Source of tho Broods, with 
the forms; of tho 

IM'rSVATA. 
witli a few 

VOMMlXrA» 

1' 

ISCtA. 

1 

Infernal Moiidelian eorintituthm of tho 
ParentH. liomarkn 










Male. 

Female. 

Male. 

Female. 


Fam. 6. $ infumit(i 


21 


21 

j The 9 heterozygrote, the S roces- 

1 sivc {lycia). A Riugrlo c? per- 

1 haps accidentally introduced, is not 
i inclmled. 


7. $ commii'ta 


3 


0 

i The 3 9 9 “' 2nd culuiun arc commiHa. 
Inference as in Co. 5 : 2 Imtorozygote 
lyna parents are here exiduded. 


8. $ 


7 


21 

Infereiict* in in Co. 5. 


1). $ lijcio 


1 


1 

The 9 parent recessive, the (.{ hetoro- ! 
zyjyoto {inf}isvata). i 

- 

10. 2 htCM 




12 

‘ Bo*.li parents recessive {lyrin). j 

>? 

11. 9 


12 


14 

Tho 9 part'iit iioterozygrote. the reces- 
sive (///rhO. 1 

M 

12. $ lyt'io 




41 

Both parents recessive {lyna), j 


13. 9 lyvio 


45 


42 

'Die 9 parent recessive, tho hetc'ru- 

zyg-oto iiafimata). K||,)fs in 2 hatches. ' 
yieldniif difterent }>rr)portions. ; 

» 

14. cJ 9 



, 

10 

• 1 
Both ]>arentK recessive. ! 

99 

15. (S 9 



1 

10 

; i 

99 

16. (5* 9 hjcla 



1 12 ’ 


• y ~ - - 1 

M 

17. <S 9 

, 



31 

1 

’ i 

It 11 11 1 

19 

18. 9 ' 


'• 

1 

11 


jj 

10. J 9 ! 



! 34 

16 ' 


»9 

20. Pareutn unknown* 


35 

• 

aT'l 

One jMiront hetcrozyg-ote {lafamifa), tho 
other recessive {lyrin). 

91 

21. „ „ -j 

16 1 

1 

1 

5 

i 

1 

) 

• I 


One parent dominant {iafuscain)^ t)ie 
other dominant, hettTozygote (in/rw- 
cato), or recessive {lycia). 


Totals ' 

35 ; 

i 

21)1 

120 1 

} 

i 

539 1 



Segreijation into infuscata, commixt-a, mid lycia. 

Looking at tho 998 bred spociraens* as a whole, it is remarkable how 
completely they segre^te into infascata^ commwta^ and h/eia, and how few 
specimens can bo considered as intermediate between those. Those that did 

* Including the single c? which appeared in Family 6. 
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sippear are transitional between cornmi/vta and wfvscata on the one side, and 
eommixta and lyvia on the other, rather than directly between the two chief 
forms. Hence, by selecting the examples, a fair transition from infuscata to 
lycia may be constructed by way of rommixta. This latter form is clearly 
hereditary. Thus the female parent of Family 7 is eommixta^ and all 3 of 
lier non4yeia offspring are eommixta. Particularly interesting in this respect 
is Family 5, of which the female parent possesses the fulvous bar but not the 
white hind wing of eommixta. About half of the offspring, namely 13 out ot 
28, resemble the mother in this respect while 2 of them have also the while 
hind wing. Other evid(mce of the hereditary transmission of this combination 
of characters will be found under Family 2 (pp. 407-8). 

Families of which the female parent only is known. 

When the only known parent is a female infuscata (or eommixta^ the off- 
spring show, in all four families, a mixture of infuscata (or eommixta) and 
lycia with approximate equality three times. In the single exception. 
Family 7, the numbers are small. The inference is that one parent was 
recessive and the other heterozygote. 

When the only known parent is a fcunale lycia^ the offspring are jill lycia 
twice and mixed lycia and infuscata fowr tunoiiy with equality thrice (including 
the small Family 9) and irregularity once (Family 8). 

In the absence of selective breeding, for which there is insufficient evidence, 
the great numerical superiority of lycia would result in the majoritj' of the 
pairings being between males and females of this form, or between lycia 
and infuscata,^ the latter being far more commonly heterozygote than pure 
dominant. We can thus, on the hypothesis that lyciah recessive, understand 
why the families bred from a female of this form were either all lycia or mixed 
lycia and infuscata, but, owing to the relative rarity of the pure dominant, 
never, in the author’s exjierience, entirely made up of heterozygotes bearing 
the apj»earanco of the dominant (infuscata). It is unfortunate that the 
infuscata in the families with equal numbers of the two forms never hapj)en 
to have been bred from, so that their heterozygote constitution could be 
tested. 


Families of which both parents are known. 

Both male and female are of the form lycia in 8 families ; both are of the 
form infuscata in only 1, namely Family 5. The 8 former ])roduced only 
lycia offspring ; the latter only infuscata. 

^ The numbers suggest that, ns regards this character, the parents were recessive and 
heterosygote respectively. If this be so, the female, belonging to the rarer form, was 
probably heterozygote, while infuscata, although dominant in relation to lycia, is recessive 
to the form with a fulvons bar. ^ 
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'I'be fact that 2 lycia parents should 8 times have produced offspring which 
were nothing but lycia strongly supports the view that this form is recessive. 
It is unfortunate that tluM’o was only a single fainily with infuscaia parents, 
and that this one should have failed to afford evidence as to the dominance of 
the latter form. 

Companie.^ and Familiea with egualitt/ o/intuscata and lycia. 

The frequency with which there is exact or approximate equality between 
the two forms is striking. Omitting very small numbers, we notice con- 
spicuous instances in (Jompany 2, Families 3, 4, 6, 11, 111, & 20. It is to 
be observed that Family II is the only one of these that is not all-female. 

The female parents of these groups, so far as they are known, are infuscaia 
3 times (Families 3, 6, & 11) and lycia twice (Families 4 & 13). 

The Proportion of the all-female Companies and Families and of 
the Sexes in the mixed groups. 

The tvro series bred from Wild Larvae are omitted from these considerations 
because of the uncertainty which naturally altaches to them, although it must 
be remembered that there are good reasons for believing that the great 
majority of each set belonged to a single ulUfemale family. 

Three out of the 7 companies, and lb out of the 21 families, are made up of 
all-female offspring. On the other hand, th(u-e are almost precisely 50 per 
cent, mdre males than females in the mixed sets. In 3 out of 4 companies 
with mixed sexes, the males arc more numerons ; in the 4th (the very small 
Company 6) the numbers are equal (3 of each sex). The totals in these mixed 
companies are 68 males and 45 females, and in the 5 mixed families 82 males 
and 56 females. In this latter series there is also one exception, and a very 
marked one, namely, Family 3 Avith 1 1 males and 24 females. The totals, in 
all mixed companies and families, are 150 males and 101 females. 

Relationship betiveen the all-female and the mixed Families, 

It is important to notice that the male parents may produce very definite 
hereditary effects upon their female offspring in the all- female families. Thus 
the Mendelian relationship between the forms of parents and offspring appears 
to be the same in all-female families as in those with mixed sexes. 

It is quite clear that the all-female families bear no special relation to one 
of the local forms of Acnea encedon rather than another. They may be all 
infuscaia or they may be all lycia^ or approximately half infuscaia and half 
lycia. 

Considering the 19 all-female groups among the companies and families, 
2 are all infuscaia (^the known parents of one being d S infuscata)^ 7 are all 
lycia (the known parents ? lycia twice, 6 $ lycia five times), and 10 are 
mixed infuscaia or comrnixta and lycia (the known parents $ infusoata twice, 
? comrnixta onoe, and ? lyeia four times). 
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Seven out. of the 10 mixed /croups are exactly or approximately half 
iw/j/Amfrt and half ///rm. The remaining three are (Company 5 with i\ infnsr.ala 
to 10 hfcia, Family 7 willi 3 to 9, Famil\'8 vviUi 7 to 21. It is rather curious 
that the proportions are here — exactly in the 2 families and a]>])roximately in 
Company 5 — the Mendcdian expectation \\' hjcUi wen* dominant and 2 heiero- 
zygoti<»s had paired ; an interpn‘tation nnttmahle for Family 7, of which the 

5 j»ar(mtwas not lytua. Tlie jirohable explanation of these irregularities and 
that exhibitetl by Company 7 has been sngg<*sled on p. 39<5. 

Among the 9 groups with mixo<l sexes, out of tin* 28 companies and 
families, 1 is all infuscata ([)aronts unknown), 5 are all lycia (known jiarents 

6 S lycia three* times), and 3 are nn\<‘d hifnscdiii and lyna (known parent 
2 infnseata own). Of tbes'* 3, (V)nlpan^ 7 with 3 injitsrata to \?» lyria is 
considered above, while tin* other two give approximate ecpmlity (Family 3) 
and probably rough ecpiality ((Vimpanv 1). 


Probahh* rxlMence of firo itfraina oj /rmah a^ one proihifiny (ill-fdna/e, 
tiiui Ihe other uude and female famdien. 

It will be observed in the Tabl<* on pp. 397-8 that Family 2 with mixed 
sexes was produced In a male ami female ///rio from Company 4 also made up 
of males and females, 'fhest^ facts favour the conclusion that the po\>er of 
prodiKung mixed sexes is hereditary. Confirmation is also provided by the 
offspring of Family IG, with mix<*d .s< xes, bred from a pair of lycia captured 
in the wild state. From two of those offspring sprang Family 1 9, also of 
mixed sexes. The relationship bet>Yeen Families Iti & 19 is shown in the 
following Tal»le. 




^ ^ 4 ^ t'^iA J I J , » 11. • 


# . n * Q » Ci ^ 0 * .» J I-*? A 








'\ 

\ 

/sfH (9 16 


fCt/f t ^ircfAf rc / y? X 




Tk/A /$ //ft fC/A 


The existence of a strain [)roduciiig nothing but females is supported by 
stronger evidence ; for the breeding experiments extended over 3 generations, 
also set forth in the accompanying Table, In this w<* see tliat two males from 
the mixed Family 16, paired with females from the all-female Family 14, 
produced nothing but females in the resulting Families? 17 and 18. 
Another male from Family 16, paired with a female from the ^amo family, 
produced, as stated above, the mixed Family 19. 
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Althoagh farther evidence is desirable, the whole of Mr. Lamborn^s 
experiments, so far as they bear on this subject, point in one direction. 
There ai*e no grounds for the belief that parthenogenesis ever takes place in 
this species, but the determination wliether the family is to be all-female or 
mixed rests solely with the female parent. 

W. A. Lamborn's Bbreoing Experiments. 

Wild IiARViS. — Two sets of wild larvss collected on Commelina were bred, 
and it will be seen that there are indications of an all*fomale company in the 
later emergences of the first set and in all except the very latest emergences 
of the second. 

Wild Larooi 1. 

These larvse were collected in Googa Greek, about five miles north of Oni. 
Their whole life-history fell well within the wet season, which lasted from 
about April 25 to Nov. 15, 1910. The dates of emergence and some of the 
dates of pupation are shown in the following Table : — 


Dates of 
Pupation. 
1910. 

1 

Dates of 
! Emergence. 
1010. 

1 

1 infimata and eommixta. 

lycia. 

Male. 

Female. 

Male. 

Female. 

; June 19. 

1 

June 26. 


1 


i 

i 

1 21. 

„ 27. 


1 



1 „ 20. 

„ 27. 


1 


I 

r ’ ' „ 22. 

„ 28. 


‘ 1 

f I 

i 

1 

„ 30. 

1 


1 

„ 2rt. 

July 4. 

1 



1 


.« 5- 



1 

— , 

1 1 

— 

1 ,, 6. 



L _ ‘ 1 

— 

» 7. 

4 


4 

1 

— 

„ 8. 




2 

— 

1 >1 ^ 


1 


6 

•* j 

„ 10. 




B 

' — 

„ 11. 


2 


4 


. » 12. 




7 


18. 


.. 




Totals 

« 

8 ' 

5 

20 
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Three commixta are included in the series of inpiscataf namely, 2 males 
emerging July 7 and 1 female emerging July 9. Commixta possesses a 
fulvous fore-wing subapical bar with a white hind wing, approaching that of 
the form alcippma. One other male of July 7 has the former of these 
characters only, and is thus transitional. Some lycia of this series also 
exhibited a slight suffusion of the fore wing with a fulvous tint. 


Wild Larvee 2. 

The larvse were collected on the bank of Oni River, about two miles 
north-west of Oni. Their whole life-history fell within the dry season, 
which lasted from about mid-Nov. 1910 to mid-March 1911. The dates of 
emergence are shown in the following table. 


i 

' Dates of 

1 Kmorgeuce. 
i 1910. 

infuicata and commixta. 

iycia. 

Mala. 

Female. 

Male. 

Female. 

Dec. 10 


3 


4 

11 ...... 




» 

1 

« 14 


4 


1 

» 16 


8 

1 6 

„"']0 .....' 


1 


1 

» 17 


1 


1 

,, 21 


1 

1 ^ 






^ i 

1 

24 


1 

2 i 

1 

Totals 


17 

.3 

1 

18 


One female commixta^ emerging Dec. 10, is included in the series of 
infuseata* The hind wing is whiter than in most other examples — so much 
so, indeed, that the specimen might, except for the fulvous fore-wing bar, 
be fairly classed under the form alcippina. 

OosiPANins :~Tfae following 7 companies of larvm were bred each from 
a batch of eggs laid on a single leaf of the food-plant Commelina^ by the 
Oni River, about two mile's north-west of Oni Camp. Great care was taken 
um JOURN, — ^ZOOLOGT, VOIi, XXXII. §3 
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to ensure that the larrse of each company should be kept separate. The eggs 
tiiemselves formed in each case a clump no larger than a threepenny-bit, and 
it may be assumed that each was laid by a single female. The dates at which 
some of the batches of ova were found were not preserved, but all of them 
fell into Deo. 1910 or Jan. 1911, and therefore well within the dry season, 
which extended from about mid-Nov. 1910 to mid-March 1911. 


Company 1. 

hatched Dec. 24, 1910. The 2 imagines which emerged on 
Jan. 21 pupated on Jan. 16. The other dates of pupation were not preserved. 

The eggs produced both males and females, all of the form lyaa, which 
emerged on the following dates : — 


Dates of 
Ememence. 
1911. 

^eia. 

Male. 

Female. 

Jan. 21 

2 


» 22 

8 


« 28 

17 

2 

« 24 < 

1 


» 26 

18 

8 

„ 26 

5 . 

18 

28 


8 

„ 29 


1 

Totals ...... 

40 

82 


The individuals of this company are unusually dark, and in many speci- 
mens, principally males, the basal half of the fore wing is suffused with a 
iaint fulvous tint varying in depth of shade. In the most extreme of these 
the fore wing may be called intermediate between injuseata and lyda. 
The two vaa'ieties in which the auffusion is most pronounced are males, 
emerging respectively on Jan. 23 and 25. In both of these the subapioal 
bar of the fore wing is of a deeper shade ^an usual, so'that these specimens 
appFoaeh ilie form mtmixta. 
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Company 2. 

Eggs were found Dec. 24, and hatched Dec. 27. 

The eggs produced 47 females, made up of nearly equal numbers of 
infuscata and lyciay which emerged on the following dates : — 


Dates of 
Emergeuce. 

1911. 

Female 

infuseata. 

Female 

lycia. 

Jan. 30 


4 

„ 31 

2 

■ 

'Feb. 1 

2 

3 

i ,, 2 

o 

12 

! « 3 

2 

2 

, ,, 4 .......... 

4 


I Totals 

24 

23 , 

i 


[C<ymimiy 3. 

Eggs were found Jan. 1, and hatched Jan 3. 

The eggs produced 35 females of the form infuscata^ which emerged 
on the following dates : — 


Dates of 
Emergence. 
1911. 

Female 

tnjnscata. 

Feb. 1 

2 

» 2 

11 

»> 3 

9 

ff 4 

4 

» 6 

S 

« 6 

6 

Total 

36 


33 " 
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Company 4. 

were found Jan. 1, and hatched Jan. 3. 

The eggs produced males and females of both vifvxrata and lyeia : — 


(»F 

Enn)r"<*i)(*o. 

1911. 

infmcata, 

Mab\ PoinaU*. 

1 . 

¥ 

‘Id. 

Ft* male. 


1 

1 : 

C\ 


j Feb. 11 

1 

0 


1 ..Tr 

1 

V 

i V- 

.. : 

n 19 

1 

' - 

1 

i 

Tnfllls . . 

) 

0 2 

1 

1 

! 


^ Parent C, of Fauiily 2 (p. 407). 
^ Parent D, of Family 2 (p. 407). 


The individuals of this company were typical and uniform, with the single 
exception of the male parent, lycin^ of Family 2, in which the basal half of 
the fore wing was sliglitly tinged with fulvous, a variation which appeared 
in many of its offspring. 

Company 5. 

The dates of capture and hatching were not kept. 

The eggs produced 22 i’ernale offspring, of which 6 were infoscata and 
1 6 lyvia : — 


Dates of 
Emergence. 
lOil. 

Female 

iufuscata. 

1 Feu* ale 
' hjvia, 

\ 

l-'el). 21 

] 


a 


1 ; 

„ 23 


4 

» 24 

i 

5 1 


Totals 

0 

! 

10 


Company 6. 

The eggs hatched Jan. 28, 1911. 

The eggs produced 3 males of the form lycia^ which emerged on March 2 
and 3 female lyda which emerged on March 2, 3, and 4, respectively. 
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< ompanjj 7. 

The e^fvs lialclied Feh. 1, 1011. 

The produced nifil(*s and females hoth of injusrata and Ipnn:- 


Dnto-s of 

Fill, 

infuM'aia, 

Malt*. Feinali*. 

lycia, 

3Jal<». ' Feinali'. 

Miircli 11 


4 



1 

o 

i<; 


I 

„ IS 


*5 

„ 10 

" J 1 


'fotiils 

2 1 

7 0 


Fvmii.un, — W e now come to the series of 21 Families, in 10 of whicdi 
(dther the f<unale j)iirciit or lK)th parents are known. 

Famihj 1. 

Farenis A and B, both of the form ///n»r, were captured in cojk hv the 
river at Idakun, 4 miles north-west of Oni, Dec. 1, 10 It). The male A died 
Dec. 4, were laid on the hack of a leaf, Dec. 2, and tlie female 

parent B was killed Dec. 4. The eeox liad all hatched hy Dec. 0. 

The produced 4S female offspring, all of the form ///r/u, which 

emerged at the dates shown in the following talde. The dates of pupation 
are also iucludod : — 


of 

Pupation. 

1011. 

Dates «»f 
' Kim*v*rence. 

101 1. 

Foinah* 

hjnti. 

.Iiin. 1. 

.Ian. 7. 

2r> 

2 


J2 


; 0. 

s 

4. 

1 „ j<>. 


j Total .... 

48 


Fainihf 2. 

Parents (' and D both of the form Ipeia (but it has already Loon pointed 
out on p. 40G that the male was slightly suffused with fulvous). Both 
parents belonged to (Company 4, and both emerged and paired on ^eb. 17. 
Eggs were laid Feb. 18. 
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T1i 6 eggs proJnced both mules and females oE the form lycla 


Dates of 
Kniergence, 
1911. 

tyria. 

Male. j Female. 

• 

March 27 

5 

1 

--'8 

* 

12 

11 

„ 20 

o 


Totals 

i 

19 

13 


The effect of the male parent was obvious in rnaiiv specimens, espeeially 
in a male emerging March 27, which exhibits the same tendency in higher 
degree, and approaches commij'ta^ like the 2 males of (>)mpany 1 (see 
p. 404). It must be remembered, however, that these two latter differ in 
other res))ects, belonging, as thej- do, to an exceptionally dark series, 

Fiimil^ 3. 

Parent E, The female [laront, of the forin infuscntij^ was ca]>tnrcd on the 
ri\or-bank at Idukun. Eggs were laid Feh, 9-l(^ and hatched Feh. 13~1 U 
The female parent died Feb, JO. 

Tim offg.s prodiK'od males and fomulcs liotli of injitmila and /ycoi, which 
<jnior;rf‘d on tlic following : — 


Dates of 

1911. 

iufHHcnfa. 

Malt*. I'Vuiale. 

/.'/< 

MhIc. 

Iff, 

I’VlUMle. ; 

1 

^larcli IS 

1 


i 

1 

1 „ 1^0 

2 

1 

! 

,, 21 

I 3 

1 

1 1 

1 

i „ 22 

1 

1 ; 1 

2 

1 

1 

i 

1 

0‘* 

. 

1 3 

2 

1 

■ 24 ‘ 

.... .... 


4 

„ 25 

.... 1 .... 


4 

„ 26 

1 



„ 27 

1 

.... 

2 

„ 29 

1 

1 • • * • 


1 

j Totals 

6 : n 

: 

6 

13 
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Family 4. 

Parent F. The I’enialc* parent, of the form ///c/e, was captured in Oni 
clearing near the lagoon. Two hatches of eggs were laid with a day's 
interval. Th(^ first hatch began to hatch on Sept. 6, and pupation com- 
menced on Oct. 5. 

The eggs of the first batch ])roduc<*d 51 all-female offspring, of which 
29 were infuscata and 22 Lycia. One Infuseaia emerged Oct. 12 and the 
remaining butterflies from this day onwards, but precise dates were not 
recorded. 

The eggs of the second batch hatched Sept. 7-8, and pupation look place 
from Oct. 5. Of the 18 resulting IV‘males, 4 wore iafasrata and 14 lyda. 
Tliesc emerged on the following dates : — 


Dates of 
J'liiKji’ijeneo. 

lun. 

Fcmuli^ 

hifuxcatu. 

Fcjufile 

/j/nia. 

Oct. 11 

2 

o 

12 

1 

4 

,, 13 


1 

From „ 1 J 

1 

7 

Totals 

4 

14 


Family 5. 

Parents G and H, both of the form iafnscata^ were captured in cop. in 
Oni (Clearing by the lagoon, Sept. 15, 1911. The male C5 is a typical 
West African although the siibapical fore-wing bar is paler than 

usual, perhaps as a result of wear. In the female, however, the same 
marking is of a fulvous tint, as in commixia and daira. Eggs were laid 
Sept. 18 and hatched Sept. 26. The female parent died Sept. 20. No dates 
of emergence were kept, but the whole cycle fell well within the wet season, 
which lasted from about mid-March to Dec. 8, 1911. 

The eggs produced 28 female offspring, all of the form infnsvata — 15 with 
the white subapical bar* of the ordinary female encedon^ 111 with the fulvous 
bar of the female parent. In two of this latter set, the hind wings are 
partiall}" white, so that the specimen-; closely approach the form commixia. 
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It should furthermore ho noted that some of the 13 specimens were much 
worn, but the scales still rcMuaining left no doubt that the bar had been 
fulvous and not white. 


Family 6. 

Parent T. The female ])arent, of the infuscala form, was captured in Oni 
(bearing, April 27, 1012. Eggs were laid between April 30 and May 1, 
and the butterfly died May 2. 

The eggs produced 42 female offspring, which emerged on the following 
dates. A single male Ijjvia may have been accidentally introduced : — 


Dates oi 
ICincrg^'Ticc. 

Kciu.dt* 

Kemah' 

hfiia. 

' 

May :»!» 

1 

2 

; ,, :«) 

1 

1 

j M 'If 

2 

♦> 

r minted 

17 

i:r 

'i'otub 

i>l 

21 


^ In addition lo the altove, a single cT lycia was found in this <:at».gorv. It is 
3xcliidcd from the table because it seems probable that its appearance was due to tu;cidoiit. 


Family 7, 

Parent J. The fc innle [)arent was ca]>tui*ed in Oni (learing, May 5. 1012. 
This female is much worn, but there is no doubt tliat it is of the form 
commi.rta. The pal<^ fulvous fore-wing bar is evident in the specimen. Eggs 
were laid May (5, and the butterfly died May 8. 

The eggs produced 12 f<*malo offspring, of wlpch 3 were mnm/.rta and 
9 lycia. The date of emergence, June C, w^as only noted for a single lycia^ 

Family 8. 

Parent K. The feinale parent, of the form ///e/a, was captured in Oni 
Clearing, May 7, 1912. Eggs were laid May 7, and the butterfly died 
May 8. 

The eggs produced 28 female offspring, of wliicli 7 were infuscMa and 
21 lycia. The dates of emergence were not noted. 
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Family 9. 

Psirent L* The female parent, of the form lycia, was captured in Oni 
Clearing on May 8, 1912. Eggs were kid May 9, and the butterfly died 
May 11. 

The eggH produced on Juno 13, 2 female offspring, of which 1 was 
infuscata and 1 lyvia. The latter is noticeably darker than its parent. 


Family 10. 

Parent M. Tiie female parent, a rather dark lyciUy was captured in Oni 
Clearing on June 1, 1912. Eggs were laid June 2, and the butterfly died 
J nne 4. 

The eggs produced 12 female offspring of the form lycia^ of which 
5 emerged July 14 and 7 J uly 1 5. 

The offspring are uniformly dark like the female parent. 


Family 11. 

Parent N. The female parent, of the form infuscata^ was captured in Oni 
Clearing, June 1, 1912, Eggs wore laid June 2, and the butterfly died 
June 5. 

Th(i eggs produced 2C female offspring, of which 12 were infuscata and 
14 h/cia. Emergence took j)lace on the following dates : — July 12, infuscata 
1 1, lycia 12 ; July 17, infuscata I, lycia 1 ; July 18, lycia 1. 


Family 12. 

Parent O. The femah* parent, of the form (yr/a, was captured in Oni 
Clearing on June 8, 1912* Eggs wore laid on June 8-9, and the butterfly 
died Juno 10. 

The eggs produced 41 female offspring, all of the form lycia, which 
emerged as follows : — July 13, eighteen ; July 17, six ; July 18, fourteen : 
July 19, three. 


Family 13. 

Parent P, The female parent, of the form lycia, was captured at the 
edge of the lagoon near Oni Clearing on April 19, 1912. The larvje 
produced by the first batch of ova, laid April 21, were reared separately from 
those of the second batch, kid April 22. The parent died April 24. 
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The ova of the first batch hatched April 27, and produced 61 female 
offspring of both forms which emerged on the following dates : — 


Dates of 
Emorgem-e. 
1912. 

Female 

wfmcaia. 

Female 

lycia. 

May 24 

2 

2 

„ 25 

15 

7 

26 

3 

9 

28 

12 

2 

29 

o 

7 

Totals 

34 

27 


The ova of the second batch hatched April 28, and produced 26 female 
offspring of both forms which emerged on the following dates ; — 


Dates of 
Emergence. 
1912. 

Female 

infwcata. 

Female 

lycia. 

May 22 

0 

2^ 

» 25 

1 

8 

» 26 

4 

9 

» 27 

2 

0 

,, 28 

4 

1 

Totals 

11 

15 


^ These 2 lycia females became respectively the female parents S and Q, see p. 41«*b 

Both infuscata and lycia were typical, but the latter varied in the extent 
of the black pigmentation of the fore wing. 


Family 14. 

Parents R, Q. The male parent R, of the form lycia^ captured in Oni 
Clearing, May 24, 1912, paired May 24 with the female parent Q, of the 
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form bjcia^ one of the offspring emerging May 22 of the all-female family 
of j)arent P. (The male parent II subsequently paired with S.) Eggs were 
laid May 25 and 26 and the female parent died May 27. 

The eggs produced 19 female offspring, all of the form lycia^ which 
emerged on the following dates : — June 29, ono ; June 30, sixteen ; July 1, 
two. 

Two of the females which emerged on June 30 became respectively the 
female parents W and Y (see j). 414). 


Fit mil y 15. 

Parents H, S. The male parent P, of the form lyna^ captured in Oni 
Clearing, May 24, 1912, painnl May 2<) with the female ])arent S, of the form 
Ijfcia. ono of th<» offspring (‘merging May 22 of the all-female family of 
panmt P. (The male jiarent 11 had previously jjairod with Q.) Eggs were 
laid May 27-29, and the female parent died Juno 1. 

The eggs [»rodu(.*(‘(l 19 f(Mnnle offspring, all of the form hjekt. which 
emerg(Ml on the following dates : — 


Dates of 
EiiK'rgence 

1912. 

Female 

Jycia. 

Julv 1 

3 

*> 

»» - * • • 

4 


0 

„ 7 

2 

« » 

4 

Total 

19 


Family 16. 

Parents T, U, both of the form lycla, were captured in cop. in Oni 
Clearing, May 24. Eggs WHu*e laid in 3 batches May 25-27, and the female 
parent U died May 29. 

The eggs produced both males and females, all of the form /yc/a, which 
emerged on the following dates : — 
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1 hUOiS of 
Einorgwiico 

1912. 

lyc 

Male. 

id. 

fcuialo. 

Jiini* 28 

1 ' 

0 

» 

4*^ 



— 

— 

,, 30 

4 

1 

Julv 1 

2 

1 

•) 

n • 

0 

1 1 

3 

0 

\ ' 1 

s 

1 

1 ' 

Totals 

12 

8 


* This male became parent V, see below. 

* Two of these males became respectively parents X and Z, see pp. 114, 415. 

” One of these females became parent Z', see p. 415. 

The series exhibited iiiucli variation in the extent ol* the black pijrinenta- 
tion of the fore-wing and the hind-wing border. 


Family 17. 

Parents V, W. The mule parent V, of the form lyda^ was one of the 
offspring, emerging June 28, of the mixed family of parents T, U. The 
female parent W, of the form lycia^ was one of the offspring, emerging 
Juno 30, of the all-female family of parents 11, Q. Pairing took place on 
June 30. Eggs were laid June 30 .and July 1, and the female parent died 
July 4. 

The eggs produced 34 female offspring, all of the form lycia. The dates 
of emergence were not noted. 

The family exhibits variation in pigmentation, but to a less extent than tliat 
of Family 16. 


Family 18. 

Parents X, Y. The male parent X, of the form lycia^ was one of the 
offspring, emerging June 29, of the mixed family of parents T, U. The 
female parent Y, of the form //yaa, was one of the offspring, emerging 
June 30, of the all-female family of parents R, Q. Pairing took place on 



EXPERIMENTS UPON ACRiEA ENCEDON. 


415 


June 30. Eggs W(‘re laid in 4 small batches July 2~4, and the female 
parent died July C. 

The eggs produced 11 female offspring, all of the form lyda. The dates 
of (miergenco were not noted. 

Tile variation in pigmentation is about the same as that of Family 17. 


Family 19. 

Parents Z, Z\ The mal(^ parent Z, of the form h/cia^ was one of the off- 
spring, emerging June 29, of the inixeil family of parents T, U. The 
female parent Z', of tin* form lyriuy wa^ also one of the offspring, emerging 
June 29, ol' the same parents T, U. Pairing took place on June 30. Eggs 
were laid July 1-2, and the female parent died July 5. 

The eggs produced both males and females, all of the form U/cia^ which 
emerged on the following dates ; — 


Date** of 

m-j. 

(yc 

Mill**. 

• 

ta, 

I'omale, 

Aug. 

10 

i 



- - — - — ^ - 1 

10 

2 


I-’ 

4 

1 

M 

4 

7 

„ 14 

4 


Totals 


10 


The variation in pigmentation is rather greater than in Families 17 
and 18. 


Family 20. 

The parents of this and the next family were not found in Mr. Lam horn's 
material, and there is no note as to whether they were infusvata or lyda. 
A box of specimens appears to have gone astray, and it is probable that 
these two parents wore included in it. 
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The family, all of which bore the same number (“834”), consists 
of females of infuseata and hjcia in approximately equal numbers, which 
emerged on the following dates ; — 


Dates of 
Emergence. 
1912. 

Female 

infutoata. 

Female 

hfcia. 

July 4 

2 

7 

,, 6 

6 

11 

„ 'e 

7 

10 

« 8 

4 

0 

« 11 

0 

2 

,, 13 

17 

6 

Totals . « . . 

35 

30 


Family 21. 

Parent unknown. The family, all of which bore the same number 
{“ 846 ”), consists of males and females of injmnata, which emerged on the 
following dates : — 


Dates of 
Emer^Dce. 
1912. 

infuseata, j 

Male. 

Female. 

July 17 

6 

3 

« 18 

9 

0 

« 19 

0 

1 

,, 20 

2 

1 

Totals 

10 

6 
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Some Terrestrial Tsopocla from New Zealand and Tasmania, with Description 
of a New Genus. By Charles Chilton, M.A., D.Sc., LL.D., M.B., 
C.M., F.L.S., Professor of Biology, Canterbury College, New Zealand. 

(Platkb 36 & 37.) 

[Read 7th May, 1914.] 

In this paper I establish a new genus for two New Zealand species of 
terrestrial Isopoda. Both have been already described and provisionally 
placed under the genus Jlaploplithalmus^ to which the new genus seems 
closely allied, but additional specimens recently obtained have permitted a 
fuller invest igation of them than was previously possible. 

I also include descriptions of a new species of Ilaplophfhalmm from 
Tasmania, and of a new species of Cultans from Auckland, New Zealand. 
In both cases I have only a single specimen, and I have waited for several 
years in the hope of obtaining others, but as no further specimens have been 
obtained, and as the species seem to be well characterized and likely to be 
easily recognized, I now venture to describe them. 

Family TRiCHONisciDiE. 

In 1901 I described a new terrestrial Tsopod from Grey mouth, New 
Zealand, under the name Haplophthalmvs helmsii^ though I pointed out at the 
time that it differed from that genus as described by Sars (1898, p. 166) in 
having the first three (instead of two) segments of the pleon small and without 
lateral expansions. In 1909 I described from Campbell Island, lying to the 
south of New Zealand, another species, //. australis^ which also differed in 
this respect from the generic characters, and I stated that a new genus 
would probably have to l)e established for these two species, though, as the 
material at my disposal was small, I postponed doing so at the timo. 

I have recently received from Mr. T. Hall several specimens collected at 
Mt. Algid us, Ilakaia Gorge, Canterbury, of an Isopod which at first appeared 
distinct from both of those mentioned above, though agreeing with them in 
the character referred to. I bad commenced to describe this as a new species 
and had drawn up a diagnosis for a new genus to include these forms. 
Further investigation, however, has showm that these specimens are not 
really distinct from Baplophthalmus helmm, and that the characters that 
appeared to distinguish them are due to the greater development of the 
dorsal tubercles or crests in the larger and older specimens ; ff* /Helmsti was 
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described from a single small immature specimen. I tlierefore give a fuller 
description both of this and of 11. australis, and place them under a new 
genus Kotoniscus. This may be described as follows : — 


Notoniscus, nov. gen. 

Generic characters : — Body oblong, central portion moderately convex, 
dorsal surface sculptured and bearing ridges or tubercles. Head with the 
front triangularly produced, lateral lobes directed downwards, rather small, 
with extremity subacute. Side plates of body lamellarly expanded, projecting 
almost horizontally, discontiguous. Pleon not abruptly contracted, epimeral 
plates of the three anterior segments very small or absent, those of the 
4th and 5th segments well developed, lamellar; last segment with truncate 
posterior margin. Eyes small, but with more than one visual element ; 
antennules, antennse, and mouth-parts as in Triehoniscus. Legs rather short, 
not increasing much in length posteriorly ; dactylar seta as in Triehoniscus. 
Uropoda with rami rather widely separated, snbcqnal. 

This genus seems near to Haplophthalmus, but differs in the character of 
the eyes and in the fact that the first three segments of the pleon have the 
epimeral plates very small or absent. 

The genus so far as at present known is confined to Now Zealand and the 
adjacent islands and contains tvro species which may he distinguished as 
follows : — 

1. Body oblong-oval, with well marked ridges or tubercles . N. helmsii. 

2. Body oval, with indistinct tubercles JT. australis. 


Notokiscus helmsii {Chilton). (PI. 36. figs 1-8.) 

SapUgshthalmus helmsii, Chilton, 1901, p. 110, pi. 12. fig. 3. 

„ „ Chilton, 1910, p. 288. 

Specific characters : — Body oblong-oval, about half as broad as long, 
moderately convex, central portion raised somewhat abruptly above the 
epimeral portions, which are well developed, nearly horizontal and widely 
separated. Head with the dorsal surface bearing posteriorly two prominent 
tubercles or short ridges projecting upwards and a little forwards, anterior 
to these are smaller tubercles; the front triangularly produced and somewhat 
rounded ; lateral lobes rather small with extremities subacute, projecting 
downwards below the raised central portion of the head. Dorsal surface of 
the body sculptured, each segment with a short ridge or tubercle situated 
laterally near the outer border of central portion and running obliquely 
baekwards and ontwmrds; on the three posterior segments the tubercles 
gradually become more distinct and pointed, projecting backwards a little 
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over the succeeding segments; on the four anterior segments there is a 
smaller and usually less-marked ridge or tubercle internal to the one already 
described and parallel to it ; on all the segments are slight indications of 
other tubercles or sculpturings. Pleon not much narrower than the perajon, 
surface smooth; first two segments small and without epimeral plates, third 
segment with very small epimeral plates, the fourth and fifth segments with 
epimeral plates largely developed, lamellar, the last epimeral plates reaching 
more than half way to the end of the terminal segment ; last segment short, 
broader than long, truncate at the apex. 

Eyes small, situated on a slightly rounded prominence above the lateral 
lobes, containing three ocelli. Antennm short, hardly one-fourth the length 
of the body ; fourth joint of peduncle slightly expanded on outer side, shorter 
than the fifth which is narrowed at the base, all with appressed scales and 
sliort seta?, one or two longer seta? on the fifth joint ; flagellum as long as 
the fourtli joint, containing 3 or 4 subequal joints and ending in a }»encil of 
long seta\ Legs all short and rather stout, not visible in dors^il view, 
apparently not showing secondary sexual characters in the male. Uropoda 
short, base large and broad, its outer margin expanded and strongly convex ; 
inner ramus slightly longer and more slender than the outer, arising 
anteriorly to it but reaching as far backwards. 

Leuffth of largest specimen, 8 mm. 

Colour. General surface light brown with markings of darker brown. 

Habitat. Greymouth, one specimen {R. Helms) ; Mt. Algidus, Bakaia 
Gorge, several specimens {T. Hall). 

This species was originally described from a single small specimen found 
at Greymouth by Mr. R. Helms. The tubercles or ridges on its surface are 
much less marked than in the larger specimens more recently collected b} 
Mr. T. Hall at Mt. Algidus. It is difficult to rej)resent accurately the 
appearance of the dorsal surface of an animal such as this, and in my 
original figure (1901, pi. 12. fig. 3) the ridges are less conspicuous than 
they should be even for the type-specimen which is there rej>resented ; on 
the other hand the figure which I now give, drawn for me by Mr. B. 
Broadhoad from a larger and more adult specimen, perhaps errs iti the other 
direction of making the ridges or tubercles appear somewhat too prominent. 
Smaller specimens from Mt. Algidus closely resemble the type-specimen, 
and I have no doubt that we arc dealing with one species only, in which the 
ridges on the dorsal surfaces become more prominent in the older specimens, 
and, particularly in the posterior segments, project from the general surface 
as well-marked, somewhat pointed tubercles. 

General description : — The antennae (fig. 2) have already been sufficiently 
described, the expansion of the fourth segment of the peduncle is less marked 
in the older specimens than it was in the type-specimen ; in t^e type the 

34 * 
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flagellum consists of three joints, in other specimens it seems usually to 
contain four. 

The mouth-parts show on the whole a pretty close resemblance to those 
found in species of Triehoniseus and are almost the same as those of the 
next species which are described in greater detail, it will therefore be only 
necessary here to mention one point of difference; in the maxillipeds 
(figs. 3 & 4) the epipod is widened at the base and narrows distally, and thus 
looks somewhat different in shape from that of australis. 

The legs (fig. 5) are all short and of about equal length ; they are all 
somewhat stout, the basal joint is rather broad and has a slight depression 
on its outer surface to receive the more distal joints when folded back upon 
it ; the carpus is broad and bears few setse, one towards the distal end being 
much longer than the others ; the propod is much narrower than the carpns 
and tapers towards its distal end, the outer surface is thickly fringed, especially 
on the distal half, with fine rather long set^e, while the inner margin bears 
only one or two stout setae situated about the middle of the margin ; the 
dactyl is long and slender and bears numerous strongly curved setae near the 
base, from which also arises the long dactylar seta which pi'ojects a little 
beyond the end of the dactyl itself, and is of the same general character as 
in species of I'riehoniseus. 

The pleopoda are also of the same general type as in Triclwnisms and the 
first and second pairs are specially modified iu the male. In the first pleopod 
(fig. 6) the outer branch forms a delicate plate with curved outer margin 
and minute crenulations at the distal end, the inner plate forms a narrow stout 
process bearing at the end an extremely long, sharp style; the median organ 
is broad, expanding towards its distal end, w^ich is deeply emarginate with 
a small nodule in the centre of the emargination, the basal part seems 
somewhat strongly chitinized but the extremity appears thin and membranous 
with a wrinkled appearance. The second pleopoda (fig. 7) have the outer 
plate lamellar and of the usual shape, the inner branch being modified into 
a strong biarticulate, cylindrical copulatory organ of nearly the same width 
throughout its length except towards the end which narrows abruptly ; 
along its inner side there runs a narrow groi^ve which curves upwards 
towards the end. 

The 3rd, 4tb, and 5th pleopoda are similar to those of N. australis and 
consist of an outer opercukr plate and a smaller inner branchial plate, the 
branchial plate apparently becoming smaller in proportion to the opercular 
one in the more posterior pleopoda. 

The uropoda (fig. 8) have the basal joint expanded outwardly with strongly 
convex margin, the two rami are somewhat wUely separated, the inner one 
being slightly thB longer and more slender. 

In the female 1 have not succeeded in finding the first pleopoda, they are 
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probably small as in IlaplopKthalmus. The second pleopod has the inner 
branch slender, much longer than the outer, tapering, and with the distal 
portion marked with fine transverse lines apparently due to transverse rows 
o£ very minute setae. The third, fourth, and fifth pleopoda are similar to 
those of the male. 


Notoniscds australis (Chilton). (PI. 36. figs. 9-16, and PI. 37. figs. 17- 

22 .) 

HaplophtJiabnns austrdu^ Chilton, 1909, p. 662. 

,1 „ Chilton, 1910, p. 268. 

Specific description : — Body oval, greatest breadth in the 3rd and 4th 
segments of pera'on, where it is about half the total length ; central portion 
of body moderately convex ; epimeral plates large, projecting horizontally, 
rather widely separated. Il(*ad with two small rounded tubercles about the 
centre and an indistinct obliquely longitudinal ridge on each side, the front 
triangularly rounded ; lateral lobes small, depressed, with extremities sub- 
acute. Dorsal surface of peraeoii sculptured, each segment wdth a number 
of rounded or irregular tubercles arranged so as to form a fairly well-marked 
median ridge and one or two less distinct lateral ridges; the tubercles 
becoming more indistinct on the posterior soginents. Surface of pleon 
smooth, first three segments short, first hvo quite without epimeral expan- 
sion, the third with very small epimera, fourth and fifth with moderately 
expanded epimera ; terminal segment broad with straight posterior 
margin. 

Eyes with three ocelli. Antenna* rather slender, the 4th joint of peduncle 
not expanded, slightly longer than the two preceding combined, and rather 
shorter than the 5th; flagellum about as long as the fifth joint, containing 
four or five subequal joints, the last tipped with a pencil of long set 80 ; 
whole antenna covered with fine short setso, a stouter seta at the end of each 
of segments 2, 3, 4, and 5 of peduncle. liCgs short, subequal, not visible in 
dorsal view ; no secondary sexual characters observed. Uropoda with the 
base not greatly expanded, its outer margin straight or only slightly convex ; 
rami suboqual, tlie inner one slightly more slender than the outer, both 
covered with fine setas and bearing long setae at tbc extremities. 

Length 6 mm. 

Colour. Light browm. 

IlMtat. Campbell Island, on decaying wood and at roots of plants (C. 
Chilton and Messrs. Chambers and Des Barres). 

This species, though closely allied to the preceding, appears to be dis- 
tinguished from it by the more oval shape of the body, the less marked 
ridges or sculpturings of the dorsal surface, the more slender an^nna?, and 
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less well-marked expansions of the epimera of the third and fourth pi eon 
segments and of the base of the uropoda. 

Campbell Island lies about 400 miles to the south-west of New Zealand, 
and the existence on it of this terrestrial Isopod so nearly allied to the species 
on the mainland is additional evidence that the island was formerly directly 
connected with New Zealand. No species of Notoniscus has yet been recorded 
from the Auckland Islands which lie between Campbell Island and the main- 
land, but probably N. australis or a closely allied species will be found to 
occur there. 

General description : — As the mouth-parts and other organs of this species 
have been investigated more fully than those of N. helmsii^ it will be con- 
venient to give a more detailed description than w'^as done for that species. 

The antennules (PI. 36. fig. 10) are small, consisting of the usual three 
joints, the first of which is much the largest, it is more than twice as long 
as the second and a little longer than the third, which is much narrower 
than the second and bears at the end one or two minnte spinules. 

The antenncB (fig. 11) hardly require any description beyond that already 
given. 

The upper lip (fig. 12) is of the usual shape, quadrangular, narrowing 
somewhat distally and with the free margin convex and fringed in the 
centre with very minute seta). 

In the mandibles the right and left pairs difier in the character of the 
accessory appendage. The right mandible (fig. 14) has the main cutting- 
edge divided into three prominent teeth; the accessory appendage is somewhat 
cylindrical, curved, and has the apex rounded and bordered wdth a circular 
row of stout setae closely set together, at its base arises a single long fringed 
seta ; the molar tubercle is of the usual form. In the left mandible (fig. 1 3) 
the main cutting-edge contains three or four strongly chitinizod teeth ; the 
accessory appendage is similar in appearance to the main cutting-edge and 
it is divided into three similar teeth ; at its base and between it and the 
molar tubercle arise two long fringed setas. 

The lower lip is deeply cleft, each lateral lobe with outer margin strongly 
convex and fringed with minute setae arranged in small tufts or very short 
transverse rows ; the whole of the extremity and the inner margin of each 
lobe is fringed with numerous fine, fairly long setae. There is apparently a 
median portion to the lower lip somewhat similar to that described by 
Bacovitza (1907 and 1908) for some species of Trichoniscus and allied genera, 
but it is very delicate and I have not made it out with certainty in the 
single specimen that I was able to dissect. 

The Jirst rmndlla ^fig. 17) has the two lobes of the usual form and of about 
equal length, the outer being as usual much the broader; nearly the whole of 
its outer margin is fringed with short transverse rows of small setce, its 
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extremity bears about eight or nine strongly curved teeth of (he usual 
character and there are a few fine setse on the distal portion of '4 he inner 
)nargin ; the inner lobe bears at the end the usual three plurnoie setse of 
unequal length, the most distal one being the smallest, a few minute setse are 
found near its base at the apex of the lobe. 

The seeoml maxilla (fig. IG) has a few long slender setm at the base of the 
inner margin ; the apex is indistinctly divided into the usual two lobes, the 
outer one being much the smaller, the whole of the inner lobe is thickly 
covered with rather stout short curved seise ; more delicate setse are present 
on the outer lobe and on the distal part of the outer margin of the maxilla. 

The maxillipeds (fig. 18) are of the usual form ; the epipod is about half as 
long as the broadly expanded second joint, it is rounded at the extremity, 
which bears a few very delicate setae, and it is slightly narrower near the 
base where both margins are fringed with fine setae ; the broadly expanded 
second joint is about twice as long as broad, the very convex outer margin 
Is regularly fringed in its distal half by long delicate sete, and the whole of 
the inner margin is fringed with slightly stouter setre. The palp portion is 
formed of a single piece wilh setse of different kinds arranged sous to indicate 
faintly the separate joints which it represents ; at the apex of the masti- 
catory ajipendix or inner lobe is a small conical portion bearing three or four 
circlets of minute seta*. 

The legn are slightly longer and more slender than those of N. Jielmsii and 
of the same general character, they do not increase in length posteriorly, 
and 1 have not observed any secondary sexual characters in connection with 
them, riatc 37. fig. 19 represents a leg of the first pair ; the seta* on the 
merus and carpus are more numerous than those in the corresponding 
positions in iV. helmm^ and on the inner margin of the propod are three 
fairly stout setm placed at regular intervals along its length ; the propod is 
slender, narrowing considerably towards the extremity, and on its lateral 
surface about the middle there is a small area thickly covered with short 
minute setm ; this patch of seta), however, does not ai)pear to be present in 
the other legs. 

In the pleopoda I have not made out the first pair in the female, they are 
probably small as in species of Haplophthalmus \ the second pair has the form 
represented in fig. 20 , having the inner branch long, narrow, tapering to the 
end, which is marked with fine transverse lines which appear to be formed 
of minute transverse rows of setse. I had originally described this as the 
pleopod of a male specimen ; it corresponds, however, to the second pleopoda 
of the females of some species of TrkJwnUms and allied genera. I have 
only a small number of specimens of this species and have not found a 
male among them. The third (fig. 21 ), fourth, and fifth pleopoda have the 
same general character as in N. helmsii. 
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The uropoda (fig. 22) are rather more slender and elongated than in 
N. helmdi and the basal portion is not so expanded as in that species, its 
outer margin being almost straight ; the two rami are of about equal length, 
the inner one, however, being slightly more slender. 

Haplophthalmcs tasmanicos, sp. nov. (PI. 37. fig. 23.) 

Specif c characters : — Body oblong oval, rather convex ; epimera of seg- 
ments of perseon not much produced and projecting more or less downwards, 
nearly contiguous ; dorsal surface of each segment of the perseon with about 
six tubercles or ridges arranged so that they form longitudinal ridges along 
the pereeon, the middle pair lying near the median line and the others more 
laterally ; the outermost ridges less distinct than the others. Surface of 
pleon nearly smooth, first two segments short and without lateral expansions; 
the third, fourth, and fifth with moderately large expansions. 

The head with surface irregularly tuberculatc and roughened, produced 
in front into a bilobed tubercle. Lateral lobes small and not projecting 
far from head. 

Eyes with three ocelli. 

Antonnse short; flagellum as long as last joint of peduncle, inlistinctly 
3- or 4-jointed. 

Legs all short, not seen in dorsal view. Uropoda short, the two branches 
subequal. 

Length 5 mm. Width 2 mm. 

Colour. Dark brown. 

JJalntat. Under rotten logs, Fern Tree Gully, Hobart, Tasmania; collected 
by Dr. Dendy in 1889. I have only a single sjiecimen. 

In the sculpturing of the dorsal surface tliis species appears to be near 
to II. mengii (Zaddacb), but in that species there is a pair of prominent 
ridges on the third segment of the pleon and the longitudinal ribs on the 
perseon seem rather better marked. 

As I have only the one specimen of this species I have not dissected it to 
examine the mouth-parts ; the legs appear to be all of about equal length 
and of the usual character. 

I have placed the species under Haplophthalmus as it seems to come near 
to that genus ; it differs, however, from the description given by Sars in 
having the eyes not simple but composed of three ocelli, and the segments of 
the peraeon are not discontiguous laterally. 
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Family ONisciDiE. 

CuBAias sirTERi, sp. nov. (PI. 37. figs. 24-28.) 

Specific desvviption ; — Oblong oval, breadth rather more than half the 
length; eplineral portions fairly well developed especially in the first segment 
of perseon; central portion of each segment very convex, sculptured, and 
produced into transverse crests. Head with the anterior margin turned 
upwards into a wtdl- defined ridge which is without a notch in the centre, 
behind this is a slight depression followed by an irregular transverse ridge 
in front of the hind margin. First segment of permon with epimeral portion 
large, projecting almost horizontally, produced anteriorly almost as far as the 
antero-lateral angle of the head ; each segment of peraeon with its posterior 
margin produced dorsally upw’ards into a vertical ridge extending transversely 
throughout the wdiolo of the central portion ; this ridge becomes better 
marked in the more posterior segments until in the seventh segment it 
forms a distinct well-marked flange on the central portion of the segment 
with its upper margin depressed in the centre and its lateral angles rounded; 
in front of the posterior ridge of each segment there is a number of small 
tubercles on each side of the median line; on the more posterior segments 
Uiese Jiro better marked and end more acutely; on the anterior segments 
they are more rounded. The inferior margin of first segment of perooon 
(fig. 20) is deeply cleft posteriorly for reception of the succeeding segment, 
and the inferior margin of the second segment bears a well-marked tubercle 
on its inner surface enclosing a notch for the reception of the succeeding 
segment. JMeon (fig, 25) almost smooth, epimeral portions well developed, 
projecting almost horizontally ; last segment of usual shape, its posterior 
margin slightly concave. 

Eyes of moderate size, composed of numerous facets. Antennaj (fig. 27) 
normal, minutely setose ; flagellum much shorter than terminal joint of 
peduncle, its first joint about one-fourth the length of the second, E.\ter»Kil 
ramus of the iiropoda very small, inserted in a small notch on the inner 
margin of the expanded base, not visible from below ; internal ramus very 
small and short forming a small knob, hardly projecting from the base (see 
fig. 28). 

Lenytlu About 8 mm. 

Colour. Light brown, nearly the whole of the body being covered with 
marblings of a darker brown. 

JlabitaL Henderson, Auckland, a single specimen (//. Suter). 

This species, of which I have only the single specimen, can readily be 
distinguished from all other New Zealand species by the sculpturings on the 
dorsal surface. The only other one known with scnlpturiiigs at all similar 
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is Ctfbaris hamiltmi (Ohilton) (1901, p. 148) but in that species the ridges 
and flanges are far more numerous and are differently arranged. 

The fact that both these specimens are known from s«nglo specimens only 
shows how incomplete our knowledge of the terrestrial Tsopoda of Kew 
Zealand still is. Probably a careful survey, especially in the forests of the 
North Island, would bring to light several other interesting species. 
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EXPLANATION OF THE PLATES. 

Plate 36. 

Fig. 1. NotonUcus helmsii (Cliiltou) ; dorsal view, X about 10. 
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first pleopod of male. 
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second pleopod of male. 
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UTopod. 

9. 

Notoniaciis amtralu (Ciiilton) ; dorsal view, X about 12. 
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antennule. 
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antenna. 
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upper lip. 
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left mandible. 
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right mandible. 
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lower Up. 
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second maxilla. 


* See also G. M. Tbomson (1893, p. 225). 
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Platk 37. 


Fig. 17. 

Notoniscua australis (Chilton) ; first ujaxilla. 

13. 

V 

„ maxilliped. 

19. 

n 

„ first leg. 

5>0. 

It 

,, second pleopod of female. 

21. 

V 

„ third pleopod of female. 

22. 

t> 

„ uropod. 

23. 

Jiaplophthalmus taamanicasy sp. nov., dorsal view, X about 18. 

24. 

Cubaris suteri, sp. nor. : side view, X about 10. 

26. 

tt 

„ dorsal view of ploon, more highly magnified. 

29. 


,, segments 1 and 2 of persDon seen from below. 

27. 

» 

,f antenna. 

28. 


„ uropod and telson. 
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The Genus Lernrrodiscus (F. Miiller, 18 (j2). 

By Gkofeuey W. Smith, M.A., F.L.S. 

(Plate 38.) 

LRead 7tL Mny, 1914.] 

The ^onus Lernwodiscus was created by F. Miiller in 1862 (1) for a Rhizo- 
ccplialous parasite found by liim on a Porcellana from Brazil. He did not 
describe the internal anatomy of the parasite, and nothing more was known 
about it until I gave an account of the genus in my Monograph of the 
Rhizoceidiala in 1906 (2), based on some specimen.s found on Galathea 
dispersa at Naples, on (t. intermedia from Norway, and on G. strigosa 
from Naples. Since the ap[)earanco of this work two French authors have 
added to our knowledge of the genus, Dr. Max Kollmann (3 & 4) and 
Dr. Guerin-Ganivct (6). Those authors have accej)tod the account I gave 
of the anatomy, but Dr. Kollmann disagrees with my interpretation of the 
orientation of the parasite and offers a different one. 

The re-examination of the question which is hero undertaken is due to 
Profcs.sor W. A. llerdman, who found a specimen of Jthizocephala uj)on a 
Mmiida hamfjiea from the Shetlands and sent it to me for identification. I 
had [)reviously seen two Rhizocephalous parasites on ^J^^nida^ and described 
them as a new genus Triangulus in my monograph (2, p. 115) ; but since 
I wa.9 only able to study these two specimens (which were not very well 
preserved) macroscopically, I was in considerable doubt as to the correctness 
of iny diagnosis. I was anxious therefore to study Professor Herdman’s 
specimen by means of serial sections, which he very kindly permitted mo to 
do, and the result of this examination has been to show that this parasite of 
Munida really agrees in all es.sentials with the Lermvodiscus on Galathea and 
should bo included in that genus. The genus Triangulns must therefore be 
withdrawn, and the parasites hitherto described as Triangulits mimidcv should 
be named Lernwodisms munidw. 

At the same time a careful examination of Professor Herdman's specimen 
and a re* examination of my preparations of Lernwodiscus galathece, have 
shown (hat I have made an error in my description and figure published in 
my monograph with regard to the position of one of the genital openings. 
This error certainly led me astray in the interpretation I put upon the 
orientation of the parasite, and I have now no doubt that Dr Kollmann’s 
correction of my interpretation is amply justified, and that his own view is 
essentially right. 

It is hoped, therefore, that in this paper the anatomy and systematics of 
the Ilhizocephala hitherto found on the symmetrical Anoi^ura may be 
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put straight, and the peculiar oriontatiou of the parasites satisfactorily 
cleared up. 

The specimen of Lernceodistus munidoi (= Triangulus munidw) found by 
Professor Herdman is figured from two aspects on PI. 38. figs. 1 & 2. 
The surface on which the mantle-opening {op.) is situated (fig. 1) is applied 
to the thorax of the Munida when the tail is bent in its natural situation ; 
the surface depicted in fig. 2 is applied to the abdomen of the host. The 
peduncle (/>.) by which attachment is effected is in a deep excavation of the 
body, and the mantle is thrown into several pronounced folds. The mantle- 
opening is asymmetrically placed on the lower right-hand corner, as shown in 
fig. 1, op. The only other features which can be observed from the ontsido 
are the broad surface of the mesentery (w.r., fig. 1), which passes i'rom the 
peduncle to the opening, and the much narrower hinge of the mesentery 
fig. 2) upon the other side. 

In my previous account of Lerna'odiscus these two hinges of the mesentery 
were called anterior and posterior hinges respectively, as it was my view that 
the long axis of the body passed through the long axis of the mesentery, but 
this is incorrect, as Kollmann has shown, and we should call the longer 
mesentery, passing from peduncle to near the opening, the right mesentery, 
and the smaller mesentery on the other side the left. 

The disposition of the internal organs is shown in the diagrams figs. & 4. 
In fig. 3, which is a transparent diagram of fig. 1, it is seen that the openings 
of the testes are situated one on each hinge of the mesentery, the right testis 
(r.t.) upon the edge of the largo mesentery, the left testis (Lt.) upon that of 
the small mesentery behind. Both testis-ducts oi)en backwards into the half 
of the mantle-cavity turned away from the mantle-opening. The mistake 
which was made in my earlier account of Lernatodiseut consisted in figuring 
the left testis ns opening on that edge of the left mesentery which is turned 
towards the mantle-opening, and in the opposite direction to the duct and 
opening of the right testis. The position of the testis-openings shows that 
the left-hand part of fig. 3 is morphologically posterior and the right-hand 
part anterior, while the mid-dorsal axis passes through the peduncle at 
right angles to the long axis of the mesentery. The nerve-ganglion (n.) is 
situated on the large right mesentery, and the two oviducal openings are 
placed on the visceral mass on either side of the mantle-opening. 

Fig. 4 is a diagrammatic view looking down on the peduncle and on to the 
mesenterial or dorsal side of the animal. Here is seen the smaller left 
portion of the mesentery and the larger right portion stretching to near the 
mantle-opening, lie two testes are seen opening posteriorly to right and 
left of the peduncle. The nerve-ganglion (n.) and the two oviducal openings 
are seen situated on or near the right expansion of the mesentery. 

Before going on to explain the peculiar asymmetrical disposition of these 
organs, a comparison maj’ he made between this condition in Z, munidte and 
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the arrangement in L. galathecr. Corrected diagrams o£ the anatomy of the 
latter are given in figs. 5 and 6. It will be seen from these diagrams that 
the positions of the testis-openings are the same as in L, munidw^ and not as 
I originally figured them in my monograph (2, PI. 7. fig. 33). The nerve- 
ganglion is similarly situated on the large right mesentery, though a little 
further away from the mantle-opening than in L. munidos. The two oviducal 
openings, one on each mesentery, are decidedly further away from the 
mantle-opening than in munidw^ and are also more definitely on the 
mesenterial edge and not on the wall of the visceral mass as in L, munuhv. 
How much importance is to be attached to these differences cannot be 
definitely stated, as the greater or loss distension of the visceral mass might 
account to somo extent for the shifting in position. 

Another point of difference between L. muntdiv and L, galathew is that in 
the former all the specimens hitherto obtained have the mantle-opening very 
definitely situated in an asymmetrical position on the right anterior corner of 
the body, while in L. galalhetr this opening is sometimes situated medianly 
or elsc'deflccted to the right anterior corner to a less extent than \n L,munida\ 
The fact that in L.galathe<v the position is variable and sometimes practically 
the same as in L* mvnida^ sbonlcl make one hesitate before attaching much 
importance to this slight point of difference. 

In explaining the peculiar orientation of this parasite it is necessary to 
bear in mind the orientation of a more normal member of the Rhizocephala, 
and for this purpose Peltogaster may be chosen because its relations of 
symmetry are very simple. Fig, 7 is a diagram of the mesentery of Fello-^ 
viewed from the peduncular surface, or surface of attachment. This 
surface, as I have shown elsewhere (2), is the dorsal surface. The median 
axis of the body passes through the line AB, A being anterior and B posterior. 
The mantle-opening (n/).) is seen at the anterior end of the mesentery, and 
the peduncle (/>.) is seen piercing the mesentery somewhat toward its 
posterior end. The nerve-ganglion (n.) is seen on the anterior portion of 
the mesentery, and the genital openings are distributed on each side of the 
mesentery, the oviducal openings being in front and the testicular openings 
behind. The openings of the left side are a little in advance of those on the 
right side. 

The way in which Lermvodheus can be derived from this symmetrical 
condition is shown in fig. 8. Here the original long axis passes through AB, 
and the testes still occupy their original position, but the mesentery has been 
expanded laterally, especially on the right side, and the anterior portion of 
the mesentery in front of the peduncle has been rotated to the right, so as to 
be nearly at right angles to the original long axis AB. The position of the 
nerve-ganglion, of the oviducal openings, and of the mantle-opening relatively 
to the testes and the peduncle, clearly show that this rotat(pn has taken 
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It will be seen from this nccount that I fully agree whh Dr. Max Koll- 
mann’s conception as to the correct orionhition of the parasite, according to 
which the surfaces applied to the host ore respectively right and left, and the 
two hinges of the mesentery are called right and left in correspondence. 
But the unfortunate mistake which I made in describing the testicular 
openings has obscured from Dr. Kollmann the rotatory movement of the 
mesentery which has resulted in bringing some of the anterior organs, viz., 
the nerve ganglion/mantle-opening, and one or both oviducts, on to the right 
side. Dr. Kollmann believes that it is easier to derive Lernaodisous from 
SaccaVma or Heterosaccus than from Peltoga$tei\ As a matter of fact, this 
does not influence the correct orientation of the parasite, since SaccuUna is 
easily derived from Pellogaster or vice versa^ the organs being disposed 
symmetrically in relation to the mesentery in both these genera. The 
peculiar thing about SaccuUna is that the symmetry of the parasite does not 
correspond to that of the host, the mesenterial or dorsal side of the parasite 
being always on the morphologically right side of the host's long axis. It 
has always seemed to me a curious fact that this should be so, and I am still 
further puzzled by the hypothesis that Sacadina on infecting the symmetrical 
Aiiomura should have given rise to a form like Lernccodhcmy which has 
acquired a totally different symmetry both in its own structure and in its 
relation to the host. As I originally pointed out, if wo derive all these forms 
from a PeliogasterAXkQ genus parasitic on the Asymmetrical Pagurids, w^e can 
understand that on infecting symmetrical forms of Anomura or Brachyura, 
the relation of symmetry to the host might very well undergo marked and 
various changes. The argument however is almost purely speculative, and 
does not influence our views as to the correct orientation of our. parasites. 

We may resume our account of the genus and species of Lernccodiscus as 
follows ; — 


Genus Lern^odiscxjs {F. Muller (1)). 

Diagnosis. External body of adult yellow. 

Roots yellow, widely distributed and ramifying, without lagense. 

Mantle highly muscular, and thrown into lappets or folds to a greater or 
less extent. 

Mantle-opening situated either in the middle line or more usually deflected 
to the right side, relatively to the host. 

Mesentery broad, pierced by the peduncle, which separates two hinges; 
the morphologically right hinge being applied to the thoracic surface, the 
left hinge to the abdominal surface, of the host. The long axis of the 
I)arasito has undergone a peculiar rotation, which has resulted in bringing the 
nerve-ganglion and mantle-opening on fo the right hinge of the mesentery 
(see flgs. 7 & 8). 
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Colleteric ghinJs (ovidacts) paired and convoluted. 

Genital openings asymmetrically distributed owing to rotation of mesentery 
(see figs. 3, 4, 5, 6, 7, 8.) 

Nauplius with somewhat elongated and curved frontal horns. 

Parasitic on Symmetrical Uecapoda Anomura. 

L. PORCELLAN/K, F. M'dller (1). Host: Porcellana sp. from Brazil. 

Visceral mass purplish, lapjiets of mantle very conspicuous and indented. 

L. GAI.ATHE.E (G. Smith (2)). Hosts : Galathea digpersa at Naples 
(Smith (2)), Gulf of (hiscony (Guerin-Ganivct (5)). 

Galathea intermedia^ Norway (Smith (2)), Saint Vaast-la-Hougue and 
Gulf of Gascony (Giierin-Qanivet (5)), Banyals (Kollmann (3 & 4)). 

Visceral mass yellow ; lappets of mantle few and irregular. 

L. STRIGOS.E. Host : Galathea striffosa at Naples (Smith (2)), 

Distinguished from above only by larger size, and may probably be 
included under L. (jalathew. 

L. MUNID.E {’stTriangvhis m\mul<je (G. W. Smith (2)). Hosts: ilanida 
hamJfJca from Norway (Smith (2)), and from the Shetlands (Professor W. 
A. Hcrdman). Gulf of Gascony and Brittany coasts, and African coast, 
south of (!ape Bojador (Giicriii-Ganivct (5)). 

Visceral mass yellow. Lappets of mantle few and deeply indented. 
Mantle-opening deflected very definitely to right side. Colleteric glands 
(= oviducts) adA’anced well on to visceral mass in neighbourhood of mantle- 
opening. Relations of mantle and of openings of testes and of nerve-ganglion 
the same as in L. yalatheau 

Note, — It is clear from the meagre distinctions which it is possible to make 
between these various parasites attached to different Galatheids that it h 
very doubtful how far they represent good species. It is, indeed, doubtful 
what criterion of a good species there can be in animals which reproduce by 
a continuous round of self-fertilization, and are only distinguished from one 
another by slight differences of shape and somotimes of colour, and which 
offer no morphological features of outstanding importance in which they 
differ. I have already dealt with this fundamental difficulty in my monograph 
(2) pp. 166 & 167. 


LINN. JOURN. — ZOOLOGY, VOL. XXXII. 


35 



(34 


ON THfi GENUS LBRNJEODISCUS. 


Literature. 

1. F. Muller. — Arch. f. Naturg. 28 Jahrg., p. 5. 1862. 

2. Q.W. Smith.-— The Rhizocephala. Naples Monograph 29, p. 114. 1906. 

3. M. Kollmann. — Arch. ZooL Exp. et G4n. (5), t. i. Notes et Rev., 

pp. xlvi-xlvii. 1909. 

4. M. Kollmann. — Annales des Sciences Natarelles, 9,^6 P* 

1909, 

6. J. Gubrin-Ganivbt. — ^Travau* Sci. de Lab. de Zool. de fJoncarneau, 
t. iii. fasc. 7, p. 68. 1911. 


EXPLANATION OF PLATE 38. 

Fig 1. ZerruBodiscua munida. View from right side which is applied to thorax of host, 
Munida bantffica, X 2. 

2. Ditto. Viewed from left side. X 2. 

3. Z. munida^ viewed by transparency from right side. 

4. Z. munidctf viewed from peduncular or dorsal aspect. 

5. Z. galathets, viewed by transparency from right side. 

6. Z. galathete, viewed from peduncular or dorsal aspect. 

7. Diagram of mesentery of PeltogaHer from peduncular or dorsal aspect. AB is 

median longitudinal axis. 

8. Diagram of mesentery of LenuBodUem from dorsal aspect, showing rotation of 

anterior half of mesonteiy to right idde and shifting of axis to 0. 

Lkttebing '/7., peduncle of attachment ; mantle-opening; n., nerve ; r.oaJ., right 
oviduct ; lovd,^ left oviduct; r.t., right testis ; /.f., left testis ; nt.c., mantle-cavity ; 
v.m., visceral mass ; mr., right mesentery ; m./., left mesentery. 
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Deto, a Subantai'ctic Genus of Terrestrial Isopoda. By Cftarles Chilton, 
M.A., D.Sc., LL.U., MJi., C.M., F.L.S., Professor of Biology, Can- 
terbury tyV)Jlege, New Zealand. 

(Plates 39 & 40.) 

[Heal 4th June, 1914.] 
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InTRODUCTORT AND HISTORICAL. 

Tlie genus Deto was established by Guerin in 1836 for a species, 
J), echinata^ which was vaguely described as having been found in the East 
by Olivier ; the chief character of the genus was that the antennre were 
composed of nine joints, i. e. five in the peduncle and four in the flagellum, 
and was thus distinguished from Oniseusy which had three joints in the 
flagellum, and from Porcellio^ which had only two. The genus was after- 
wards mentioned by Milne-Edwards (1840) * and Dana (1853), but no 
further addition to our knowledge of it was made for many years. In 1843 
Krauss included the species in his list of South African Crustacea as having 
been collected on the sea-shore at Table Bay, and later on it was collected at 
the Capo by the ‘Novara’ Expedition. Besides the type-species, two others 
were afterwards described under this genus, namely, D. spinicornis, Brandt, 
from the southern shores of the Sea of Okhotsk, and T. whitei, Kinahan, of 
unknown locality ; it appears likely, however, that the latter species is 
identical with the type-species. In 1879 Budde-Lund in his ‘Prospectus 
generum specierumque Crustacoorum Isopodum Terrestrium,’ gave the 
genus with these three species, and thinking that Deto sjnuicomis was 
rightly referred to the genus, he placed the genus under his second family 
Li(^i(jti. Later on, however (1885), finding, on an examination of the poorly 
preserved specimens in the St. Petersburg Museum, that 2>. spiniconiis 
should probably be referred to Trichotiucus^ and having had an opportunity 
of examining two species really belonging to Deto^ he came to the conclusion 
that the genus should come near to Oniscus, and that it is perhaps not 

♦ The references are made by the year of publication to the bibliographical list on 
pp. 454, 455. 
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distinct from that genus. In his 'Crustacea Isopoda Terrestria’ (1885, 
p. 233), he gave a diagnosis of the genus and included under it two species, 
I), evhinata, Guerin, and a new species Z>. acinosa, of both of which he had 
examined specimens from South Africa in the St. Petersburg Museutn ; 
he mentioned also D. whitei^ but stated that it is probably the same as 
echinata. 

For many years after this no further addition was made to our knowledge 
of this genus, but in 1906, Budde-Lund, having had an opportunity of 
examining specimens of a Deto collected by the German Polar Expedition 
at St. Paulas Island, in the Indian Ocean, gave a revision of the genus, 
describing these specimens as a new species, />. armata^ and established two 
new species, I), magnijica and J9. rohusta^ on three specimens from the 
Auckland Islands, New Zealand, preserved in the Dresden Museum. He 
also assigned to the genus a species that had been described in 1879 
by Mr* G. M. Thomson under the name Actcecia aucklandue, and which, in 
1901, T had provisionally placed under Sagpltax ; also another species from 
New Zealand described in 1885 bj*^ Filhol under the name Oniscus nov(p^ 
zealandiw, and the species Philougria marina, described by me in 1884 from 
the East Coast of New South Wales. Budde«Lund thus gives eight species 
under the genus, but of these, two, i>. magnifica and D. robusta^ are, I think, 
undoubtedly synonyms of i?. ancUandue. In 1910 I pointed this out and 
stated that two species of Isopoda, descrilied from Chili by Nicolet in 1849, 
namely, Onis(m.g buccidentus and 0* tuberculatus, were male and female 
of a species of Deto^ and were probably identical with 0. noinv^zealandiw, 
Filhol. 

Before the publication of Buddo-Lund’s^ paper in 1906, I had obtained 
specimens of the two New Zealand species and had commenced a report on 
the genus, describing the mouth-parts and the pleopoda, which, up to that 
time, were practically unknown, as the only specimens available to Budde- 
Lund in 1885 had been dried or poorly preserved. My paper was long 
delayed through lack of suSBcient specimens of the different species, but 
later on the Director of the South African Museum very kindly supplied 
me with specimens of the two species found in South Africa, and 1 have 
recently received additional specimens of 2>. novw^zedlandim^ Filhol, from 
Stewart Island, New Zealand. I have thus been able to see specimens 
of all the species that I consider to be good ones, except 1). ai^maia, 
Budde-Lund, and in this paper I endeavour to give a fairly full account 
of the genus. 

The genus is an extremely interesting one on account of the large size 
and striking appearance of some of the species, the remarkable and varied 
sexual differences, the strictly maritime habitat of all the species, and the 
geographical distribution. 
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1 recognise six species — two from South Africa, two from New Zealand 
(one of which is found also in South America), another species from 
St. Paul’s Island in the Indian Ocean, and the sixth from the East Ooast 
of Australia. 

In his last Revision of the Terrestrial Isopoda, Buddc-Lund (1904) placed 
Ihio under a subfamily Ihioninw of the Oniscidse, and Stcbbing (1910, 
p. 444) has since raised this to the rank of a family. In 1901 I placed the 
genera Scyphax, Dana, AcUccia, Dana, and Sci/photuscusy Chilton, under 
Scyphacidse, a family distinct from, though closely allied to, the Oniscidm ; 
in this family I had also included Aetoecia aucklandice (G. M. Thomson), of 
which 1 had been able to examine a single female specimen, but whose 
affinities to Deto I had not then recognised. An examination of the whole 
of the 5})ecies shows that Deto would readily come under this family as then 
defined by me, and the genera mentioned seem to be sufficiently closely 
allied to justify us in placing them in one family rather than in cstsiblishing 
throe or four separate families or subfamilies for their reception. 

I shall now’ give diagnoses of the genus and of the difEerent species of 
Deto^ reserving some general remarks on the genus for the conclusion 
of the paper. 


Family SCYPHAOIDiS. 

Scyphacintr, Dana, 1853, p. 716. 

S(yphacid<p, Chilton, 1901, p. liJl. 

„ ' liicLardsoii, 1905, p. 671. 

The description of this family given in 1901 was as follows : — “ Mandibles 
without molar tubercle, its place being taken by a tuft of long stiff setae or 
bristles; inner lobe of first maxilla with two plumose bristles; maxillipeds 
with the terminal joints fairly well developed, lamellar, longer than the 
masticatory lobe ; external male organ single.” 

The characters of the genus Deto come well within this definition. 


Genus Deto, Guerin^ 1834. 

DetOf Gudrin, 1836, notice 21, p. 1. 

„ Milne-Edwards, 1840, vol. iii. p. 174. 

„ Budde^Lund, 1879, p. 9. 

„ Budde-Lund, 1885, p. 233, 

„ Budde-Limd, 1906, p. 84. 

„ Chilton, 1909, p. 666. 

„ Stabbing, 1910, p. 444. 

The generic description given by Budde-Lund in 1885 was based on the 
examination of imperfect specimens of two species only; in 1906, having 
been able to examine additional specimens, including welUpresorVed specimens 
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of the new species Veto armata, he gave an amended diagnosis, the main 
characters of which are included in the following diagnosis which I now 
suggest ; — 

Generic diagnosis, — General shape of body oblong-oval, somewhat de- 
pressed ; animal not capable of rolling itself into a ball; epimera lamellarly 
expanded * ; dorsal surface usually with spines or tubercles whi<!h are better 
developed in the male than in the female ; pleon not abruptly narrower than 
persBon ; epimera of third, fourth, and fifth segments well developed. Head 
with lateral processes forming broad lobes. 

Eyes of moderate size, with many ocelli. 

Anteunse with flagellum four-r jointed. 

Mandibles with one penicil behind the cutting-edge. 

MaxilHpeds with palp longer than masticatory lobe, and showing indi- 
cations of being formed of three or four joints. 

Exopoda of the pleopoda opercular, and containing no special branchial 
organ. 

Uropoda produced, reaching considerably beyond the terminal segment. 

In addition to the points given above, there are several characters common 
to these species which may be mentioned here to avoid repetition. 

Sexual dimorphism is very marked and affects the surface of the body and 
the antennae, but not the pera?opoda or uropoda, which are the parts that 
usually show sexual differences in Trichoniseiis^ Porceliio^ &c. 

The antennae are long and stout, nsually stouter in the male than in 
the female. 

Tho mouth-parts are on the same general type of those of Onisciis, and are 
fairly uniform throughout the genus. T have described them in greater 
detail for D. aticklandite and J). hucculentay but a few points njay be given 
here. 

The mandibles are strong ; tho accessory appendage differs on t]»o two 
sides, in the left mandible being formed of two or three strongly chitinised 
teeth similar to the outer cutting-edge, in the right it is shorter and ends 
in a crown of small teetli of varying sizes ; at the base of the accessory 
appendage in both mandibles is a hairy lappet which may hour one or two 
stout setae or “ penicils similar to the single penicil between the lappet and 
the tuft of long bristles representing the molar tubercle. 

The lower lip consists of two rounded lobes separated apparently to the 
base, but connected proximally by the innet m6re membranous lobes which 
appear capable of being folded together at right angles to the lip, and when 

* In the female of Deto attcklandia the epimera of segments 2, 3, and 4 of the person 
are separated from their segments by a slight groove or apparent suture ; in the males of 
this species and in both sexes of the other species the epimera are quite continuous with 
, their segments, the junction not being marked by any groove or suture. 
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spread out o£ filling the space between the outer lobes when they are 
separated laterally. 

The first maxilla is of normal shape, its narrow inner lobe bearing two 
densely hairy bristles. 

The second maxilla is somewhat curved near the base, but the outer edge 
is not angularly produced as in Oniscusy &c. 

The maxillipeds have the epipod large, flanking the basal part, and taper- 
ing distally ; the second joint is broad, but not so much expanded as in 
Otiiscus ; the palp is longer than the masticatory lobe and shows indications 
of the separate joints of which it is composed. 

The pleopoda are of the same type as those of the Oniscidse ; the inner 
ramus of the second pair in the male is particularly long, terminating in a 
very long slender lash. 

The uropoda vary in the different species and are described below ; they 
are the same in the two sexes. 

Budde-Lund (1906) divided the genus into two subgenera with the 
following characters ; — 

Subgenns T>etel 

1. Antennas rather long and slender ; joints of flagellum fairly long. 

2. Palp of maxillipeds a little longer than the masticatory lobe. 

3. Endopod of uropod short, scarcely reaching to the middle of the 

exo|)od. 

Subgenus Vinneta : 

1. Anfennsc rather short, stout; joints of flagellum very short. 

2. Palp of maxillipeds much longer than the masticatory lobe. 

3. Endopod of uropod rather long, longer than exopod. 

Of these three characters the first two do not appear to me to be reliable 
for suhgeneric characters. It will be seen from the descriptions given below 
that in most of the species the antennse differ considerably in the two sexes, 
and that while the male may have the antenna very stout, in the female it 
may bo fairly slender, with the joints of the flagellum of moderate length. 
Again, the palp of the maxillipeds is in all cases longer than tlio masticatory 
lobes, and the differences in its length are not sufficient to be of much 
importance. 

The third point seems, however, to be a good one and enables the species 
at present known to be separated into two groups, one including the species 
found in New Zealand and South America, and the other the species in 
South Africa, St. Paul’s (Indian Ocean), and Australia. 

Owing to the great differences between the male and the female, and the 
fact that in this, as in many genera of the Isopoda and Ainphipoda, the 
females of the different species are nearly alike, it is hopelesi| to try to 
distinguish between the species without making use of the characters of 
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the fully developed male ; unfortunately the male in D. marina is not known. 
The others njay, however, be distinguished as follows ; — 

A. Uropod with exopod reaching much beyond the 

endopud , . * Subgeinw Ikto^ Budde-Liind. 

1. Male with a pair of long spines on each segment of 

perseon, pleon without spines D. echinata, 

2. Male with a pair of spines (or prominent tubercles) on 

each segment of peraeon, and on third and fourth 
segments of pleon D. armata, 

3. Male with a pair of tubercles (not spines) on each seg- 

ment of persQon iX acinosa, 

4. Male unknown; female with surface granular, or with 

low tubercles only D. manna* 

B. Uropod with exopod not reaching beyond endopod. 8ul)genu8 Vvmetaf Biidde-Lund. 


1. Male with lateral portions of first segment of perteon 

not expanded; surface of perssou with prominent blunt 

spines D» aiivklandia, 

2. Male with lateral portions of drst segment of permon 

forming balloon-like expansions; surface of pericon 

with irregular pointed tubercles D. huccuhnta. 


DeTO EOHINATA, Gudrin. (PI. 39. figs. 1-3.) 

Deto echinata.f Gu4rin, 1880, notice 21. p. 2, pL 14. 

„ „ Miln e-Edwards, 1840, vol. iii. p. 174. 

,, „ Krauss, 1843, p. 63. 

„ „ Heller, 1808, p. 137. 

„ „ Budde-Lund, 1879, p. 9. 

„ „ Budde-Lund, 1885, p. 234. 

„ „ Stebbing, 1893, p. 431. 

„ „ Budde-Lund, 1906, p. 85. 

„ „ Stebbing, 1910, p, 444. 

?Deto Whitm, Kinahan, Dublin Zool. Bot. Assoc, i. p. 199, pi. 19, fig. 6; see also 
Ann. & Mag. Nat Hist. ser. 5, vol. xvii. p. 83. 

Male. — Oblong-oval, more than twice as long as broad. Head with a 
prominent subacute tubercle on each side near the posterior margin and 
internal to the eyes, with another smaller tubercle anterior and interior to 
the first ; rest of surface granular ; lateral lobes moderately large, directed 
outwards and forwards, their extremities broadly rounded. 

Each segment of perseon with a pair of long acute spines, straight or 
slightly curved, arising near the posterior margin and projecting vertically, 
those on the posterior segments directed also a little backwards ; the spines 
on the iir.st segment are the shortest, those on the succeeding segments 
longer till the fourth and fifth, which are subequal and much longer than 
the segment from which they arise, each of the sixth and seventh a little 
shorter than the preceding one. Best of surface of perseon finely granular 
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or slightly rugose, more especially on the anterior segments. Epiniera 
large, each with a faint ridge running backwards and outwards towards its 
]>o8terior angle. 

Surface of ploon smooth ; epimera of third, fourth, and fifth segments 
largely developed, last segment triangular, nearly twice as broad as long, 
apex rounded. 

Uropoda with basal joint broad, reaching slightly beyond tlie end of the 
last segment, upper surface raised in middle into a longitudinal keel, lateral 
margin somewhat expanded ; outer ramus long, lanceolate, fully twice as 
long as base ; inner ramus only about as long as the base, not in contact 
with its fellow on the other side. 

Female . — Differs from male in having the body more oval, the long 
spines rei)resented only by rounded tubercles, the oblique ridges on the 
epimera rather better marked, and the antenna) more slender. 

Length of male (without uropods) 22 mm., breadth 10 mm. 

Length of female 20 mm., breadth 9 mm. 

Colour. Slaty grey, wdth marbled markings of lighter colour. 

JIahitat. Table Bay, (^ape Colony, collected on sea-shore with Lujia glahrata 
by Krauss ; collected at “The Capo"’ by the ‘Novara^ Expedition ; the 
specimens from the South African Museum submitted to me are labelled ; — 
“Sea-sliore at Hout Bay, Cape Peninsula, W. L. Sclater coll., April 1901/’ 
and “ Sca-shore at Scuilpboek, 2 to 3 miles south of Hermanuspetrusfontein, 
Caledon District, (!ape Colony, R. M. Lightfoot coll., February 1903.” 

Of this species 1 have seen several males, but only one female ; the males 
are all of about the same size, and have the pair of long slender spines on 
each segment of the person well developed ; the spines are considera))ly 
longer than those of 1>. armata as figured by Buddo-Lund. In the single 
female the dorsal surface is granular, more so than in the male, and tlie 
spines are represented only by small, rounded, light-coloured tubercles 
projecting only slightly above the general surface. 

The species appears to be considerably larger than 1). acinosuy bui closely 
resembles that species in its appendages. 

Deto acinosa, Budde-Lund. (PI. 39. figs. 4-18.) 

Veto acinom, Budde-Lund, 1885, p. 235. 

„ „ Stebbinj^, 1803, p. 431. 

„ „ Budde-Lund, 1VK)6, p. 85. 

Male. — Oblong-oval, fairly convex. Head with a ratlier large rounded 
tubercle on each side near the posterior border and internal to the eyes, rest 
of surface coarsely granular. Bach segment of the perajon with a large 
subacute tubercle on each side near the posterior margin, projecting upwards 
and backwards to a distance equal to half the length of the legment from 
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which it arises ; on the anterior segments^ especially the first, the surface in 
front of these tubercles shows a few irregular granulations ; epimera well 
devoloped, not separated from their segments by a suture, each with a faint 
oblique ridge running outwards and backwards to the posterior angle, the 
ridge best marked on the posterior segments, Pleoii with surface smooth, 
epimera of segments 4, and 5 well developed ; last segment triangular, 
its extremity rounded. 

Female . — Differs from the male in lacking the prominent tubercles on the 
segments of the perseon ; surface of head and permon granular, the position 
of the tubercles on the peraeon represented by a granule slightly more 
prominent than the others. Antennae rather more slender than in the male. 

Length 13 mm., width 6*5 inm. 

Colour. Slaty grey, tips of tubercles and lateral portions lighter in colour, 
some lighter markings also on the general surface. 

Habitat. (Jape Peninsula, South Africa, on sea-shore ; two specimens in 
the St. Petersburg Museum from Africa ” ; many specimens in South 
African Museum from “Sea-shore at Sea Point, Cape Peninsula, tt. M. 
Lightfoot coll.” 

Of this species I have seen many specimens of both sexes and of different 
sizes. It is a smaller species than D. echinata^ and does not present such 
marked sexual differences, though the pointed tubercles or teeth on the 
peraeon are quite prominent in the adult male ; in the figure they are perhaps 
made a little too prominent. 

The antenna of the male is shown in fig. 6 ; it is similar to that of 
JD. echiuata, but has the joints of the flagellum slightly longer. 

The upper lip (fig. 7) lias the margin broadly rounded and fringed with 
short setm. 

The mandibles (fig. 8) have only about ten long bristles in the tuft 
representing the molar tubercle, and these are almost smooth except 
towards the end, but otherwise do not differ from those of D. auchlandicv. 

The lower lip (fig. 9) has the outer lobes with a slight notch near the 
apex, inner lobes narrow and delicate. 

The first maxillie arc normal. 

In the second maxilla (fig, 10) the outer lobe is nearly as broad as the 
inner, but not so thickly setose. 

The maxillipeds (Rg. 11) have the palp not much longer than the masti- 
catory lobe, which is oblong, truncate at the end, and bears near the inner 
angle a small hairy appendage like a short, stout, plumose bristle. 

The perseopoda (figs. 12 & 13) increase slightly in length posteriorly. 
They are rather spiny ; the dactyl bears a long split seta longer than the 
others, which appears to represent the dactylar seta, but it is not very 
prominent, especially in older specimens. 
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In the first pleopod of the male (fig. 14) the male organ is about two-thirds 
as long as the narrow eiidopod, which is grooved on its posterior aspect ; the 
exopod is short and not produced at its inner side, its extremity being 
regularly rounded. 

The second pleopod of the male (fig. 15) has the endopod extremely long 
and blender ; the exopod is somewhat produced at its inner angle, and has 
a few very delicate plumose seta3 on the outer margin. 

In the female the exopod of the first pleopod (fig. IC) is short and broad 
with regularly curved margins, its extremity is slightly produced on the 
inner side and is broadly rounded ; no endopod was seen. 

Tlic second pleopod of the female (fig. 17) has the exopod larger with 
inner angle more produced, margins with a few delicate setae ; the endopod 
forms a short triangular process. 

The uropoda (fig. 18) arc practically the same as in 1), echinaia. 


Drto armata, Budde^Lvnd. 

Beto anmittf Bttdde-Lund, ItKXi, p. 86, pi. 4, figs. 26-36. 

Specific description . — Similar to J). echinafUy but smaller and somewhat 
narrower. Head, each segment of pera'on, and third and fourth segments of 
ph*on each bearing a }»air of spines which are much larger in the male than 
in the female ; general surface minutely granular. Terminal segment vs ith 
apex triangularly produced, subacute. 

Antennio long, slender, fourth joint of flagellum of moderate size. 
Maxillipeds with the palp a little longer than the masticatory lobe Legs 
supplied with moderately long spines. Pleopoda and uropoda apparently as 
in J). echinata. 

Length 12 mm. 

Ilahifat, St. Paul’s Island, Indian Ocean ; collected by German South- 
Polar Expedition in 1903. 

I have not soon s})ecimons of this species, and have drawn up the specific 
diagnosis from the description and figures given by Budde- Lund. 

The species appears to ho very similar to i>. echinata^ but diff ers in having 
a |)air of spines on the third and foiirih segments of the pleon as well as on 
the permon. Budde- Lund says nothing about the length of these spines, 
but if the specimen he figures is a male (as it presumably is), they are not 
so long as in fully grown specimens of J). echinata; Buddo-Lund, ho\Aever, 
gives the length of the animal as 12 mm, only, and the specimen figured may 
not be fully growm. 

The mouth-parts, perreopoda, and pleopoda of this species have been 
figured by Budde-Lund ; they appear to present a close general resemblance 
to those of D. echinata and D. acinosa. 
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DeTO MARINA [Chilton). (PI. 30 . figs. 19-23.) 

Phihugria marina^ Cliiltoo, 1884, p. 463, pi. 11. 

„ „ Chilton, 1901, p. 128. 

„ „ Stebbing, 1900, p. 666. 

Deto marina^ Budde-Lund, 1906, p. 86, pi. 4, figs. 39-41, 

Spedjic description . — Body oblong-oval, length rather more than twice the 
greatest breadth. Head with surface irregularly tuberculate, front projecting 
into a triangular lobe ending subacutely, lateral lobes very broad, occupying 
nearly all the side-margin ; eyes large, on rounded prominences raised above 
the lateral lobes. Surface of persDon somewhat scabrous, wdth a few lo>y 
inconspicuous rounded tubercles, most marked on the anterior segments ; 
epimera not very greatly expanded, each with a slight oblique ridge running 
outwards and backwards to the posterior angle. Segments 3, 4, and 5 
of pleon with well-developed epimera which have the ])csterior angles 
acute, terminal segment triangular, sides slightly concave, extremity broadly 
rounded. 

Antenme (fig. 20) about one-third the length of the body, slender, fifth 
joint slightly longer than the third and fourth together ; flagellum as long 
as the fourth, its first three joints subequal in lengtii, fourth slender, about 
half as long as the preceding, and merging almost imperceptibly into a 
pencil of very short sete ; whole surface of antenna covered with minute 
short spinules and fine short setm. 

Legs (figs. 21 & 22) subequal in length, the posterior ones only slightly 
increasing in length ; all rather spiny, the largest spine/ which splits 
towards the end, being situated near the distal end of the carpus. 

Uropoda (fig. 23) with base broad, reaching to the end of the terminal 
segment ; outer ramus longer than base, tapering to the end, which bears a 
few short seta? ; inner ramus arising more anteriorly, slender, only slightly 
tapering, ending with pencil of long setae. 

Length of largest specimen (a female with brood-plates developed) 6 mm. 

Colour. Yellowish, with marking of a dark brown. 

Ilahitat. Coogee Bay, near Port Jackson, New South Wales (Chas. Chilton 
coll., January 1884). 

This species is known only from Coogeo Bay, near Port Jackson, New 
South Wales, where I collected it in January 1884; it was found near high- 
water mark, and most of the specimens were taken out of the water, which 
was nearly high tide at the time. Unfortunately my specimens are all 
small; the largest is 6 mm. long, and is a female with brood- pouches 
developed ; the others are probably immature. I can find no adult male 
among my specimens, and am unable therefore to say whether there are 
any secondary sexual characters or not. Several friends, especially Mr, T. 
Whitelegge, of the Australian Museum, have since endeavoured to oollect 
additional specimens for me from the same locality, but witboat success. 
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In its gmall size, more slender antenna*, and in the slender spiny 
perfloopoda and the uropoda, this species at first shows a general resem- 
blance to a Tnclumiscus j the mouth-parts are, however, as was first pointed 
out by Stebbing (1900, p. 565), quite different, and the species is a 
true Deto. 

Ttie mouth-parts are similar to those of D. adnosa^ and do not require 
special notice; the maxillipcds have been figured by Budde-Lund 0906, 
])1. 4, fig. 40) from a specimen given by me to the Zoological Museum of 
Dundee University College, 

The legs (figs. 21 & 22) are slender, and in the arrangement of the spines, 
particularly of the large sfdit spine towards the distal end of the carpus, are 
very similar to those of Tnchoniscvs and allied genera ; the dactylar seta is 
fairly prominent — it has only two branches, one of which bears a small knob 
nt the end. 

The adult male is not known ; it will be interesting to see in what 
characters it differs from the female. 

Deto aucklandi^: {G. M. Thomson). (PI. 39 . figs. 24-30, and 
PI. 40 . figs. 31-44.) 

A(t<rci(t aucklandiepy G. M. Thomson, p. 249. 

„ „ Itudde^Lund, 1885, p. 239. 

„ „ Filhol, 1885, p. 443. 

{?) aucklftwlift^ Chilton, 11)01, p. 126, pi. 15, fig. 2. 

Veto aucklandue, Chilton, 1906, p. 273, 

„ Budde-Lund, 1906, p. 87. 

„ „ Chilton, 1909, p, 666. 

„ „ Chilton, 1910, p. 288. 

Veto tnaffui/icay Budde-Lund, 11K)6, p. 86. 

Veto rotfustuf Budde-Lund, 190(), p. 86. 

Spevific description. — Male. Oblong-oval, moderately convex, head strongly 
tuberculated, with a raised oblique ridge running from near the centrtj 
outwards and backwards to the posterior margin; in the centre between 
these ridges are four tubercle.s, the posterior two larger than the two 
anterior, other small tubercles near the frontal margin ; lateral lobes large, 
directed outwards, roundly tetragonal. 

First segment of perieon slightly longer than the others, which are suh- 
equal, each segment bearing a transverse row of tubercles or rounded 
blunt-onded spines, which are directed upwards and a little backwards, the 
lateral ones the largest and longest, the others gradually diminishing in size 
towards the median line ; in most cases there are ten tubercles in each row^ 
but there are usually fewer on the first and last segments of the perseon ; 
in the first two segments there are usually some slight tubercles in front 
of the transverse row. Pleon with first two segments short and without 
epimeral expansions, thirds fourth^ and fifth with large epimeral expansions 
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which end subacutely. a transverse row of small rounded tubercles on the 
second, third, fourth, and fifth segments; last segment without tubercles, 
surface slightly granular, much broader than long, extremity broadly 
rounded. 

Eyes somewhat small, narrow-oblong. 

Antennaj extremely thick and stout, second joint of peduncde longer than 
the first or third, fourth joint slighily shorter than fifth, which is narrowed 
at the base and expanded distally; dagellum much expanded, of three sub- 
equal joints, each much broader than long, the minute fourth joint hardly 
visible ; last joint of peduncle and the flagellum densel)' covered with 
short woolly hairs. 

Legs subequal with a few short spinules, inner margins with woolly 
hairs. 

Uropoda with the basal portion very broad, meeting in the median line 
and extending slightly beyond the end of the terminal segment ; outer 
margin expanded and produced at the outer posterior angle, inner rami 
contiguous along the median line, longer than the outer rami, both rami 
rounded at the end and covered with minute setee. 

Length of largest specimen 24 mm. ; greatest breadth 11 mm. 

Colour. Slaty grey. 

Feniale . — Differing from the male in the following points : — Body broader 
and less convex, the tubercles on the head and perseon much smaller and loss 
prominent, forming only small rounded tubercles ; epimeral expansions, 
especially on the posterior segments, showing an oblique ridge running 
backwards and outwards ; antennse stout but much more slender than those 
of the male, the fifth joint of the peduncle slightly sinuous, and when folded 
back fitting into a groove on the outer surface of the fourth joint ; flagellum 
about two-thirds as long as the last joint of the peduncle, its joints as long 
as broad or longer, the first two subequal, the third as long as these two 
together, fourth minute. 

Length 19 mm. ; greatest breadth 11 mm. 

Colour. Slaty grey. 

HaUtaU Ewing Island, in the Auckland Islands group, New Zealand ; 
found on the sea-shore (collected by Dr. L. Cockayne, F.li.S., and Mr. E. 
Jennings). 

This remarkably large and striking species has been found only in the 
Auckland Islands, where its lives under seaweed, etc., on the sea-shore. 
Filhol gives the locality as Nord de la Nouvelle-Zc^lande, Auckland,” but 
tins has no doubt arisen from the unfortunate confusion of the Auckland 
Islands, which lie about 200 miles to the south of New Zealand, with the 
Auckland City and Province in the north of New Zealand. I have seen 
only about half-a-dozen specimens, all from Ewing Island, these being all 
males except one. The differences between the two sexes are extremely 
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marked, especially in the full-grown males ; two of my male specimens are 
apparently not quite fully grown and have the antonnro considerably more 
slender than is shown in fig. 27, and more approaching the conditions found 
in the female, though much stouter; the prominence of the tubercles on the 
perseon is also less marked in the immature males. 

I think there can be no doubt that D. magnijica^ Budde-Lund, and 
1), rohusta^ Budde-Lund, are synonyms of this species. Budde-Lund estab- 
lished these two species on three specimens from the Auckland Islands in 
tlie Dresden Museum ; of 1). magnijim he had only one imperfect specimen, 
and states that it is perhaps the same as i). aucklanditt. Of !>, robust a he 
had one male and one female, and apparently based the specific distinction 
largely on the characters of the male, the difierences of which from the 
female had not previously been fully pointed out. In his original de- 
scription, Mr. Thomson, by an error, interchanged the sexes and described 
the female as being provided with the stout obtuse spines. 

The specific diagnosis given above may be supplemented by the following 
more detniled description of the appendage? : — 

Antemnnles (fig. 2fi) small but noticeable, first joint as long as the second 
but shorter, third about half as long as the second, narrower, and tapering ; 
all covered with fine short hairs, two or three minute olfactory setre near the 
end of the third. 

The antenna^ in the fully grown males (fig. 27) arc particularly broad and 
powerful, all the joints being liroadened and having the surface uneven, as 
shown in tho' figure ; the fifth joint is about the same length as the fourth 
or only slightly longer, and lies nearly at right angles to it, the outer surface 
of the fourth being hollow^ed out towards the extremity to receive it ; the 
flagellum is about half as long as the fifth joint and shows three subequnl 
joints, each broader than long, the very small fourth joint being almost 
concealed in the fine downy hairs which cover the flagellum and the terminal 
portion of the peduncle. 

In the female the antennm (fig. 28) are very much more slender, but show 
the same proportions, except that the third joint of the flagellum is longer 
than either of the first two, which are subeqiial and about as broad as long ; 
the fourth joint is small, though readily noticeable ; the fine hairs found in 
the male are hardly represented. 

In immature males the antennas tend to resemble those of the female. 

Upper lip with extremity roundly truncate. 

The mandibles are large and strongly chitinised, of the same type as in 
Oniscus. In the left mandible (fig. 30) the cutting part is composed of two 
strong teeth somewhat rounded and dark brown in colour, within it lies the 
accessory appendage also composed of two strongly chitinised teeth, brown in 
colour, and bearing at its base n. membranous, hairy lappet densely fringed 
with seta? ; this is followed by a single ‘‘penicil,” and then by the brush-like 
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recurved setse replacing the molar tubercle ; this contains a large number of 
long, stiff, curving bristles of varying length. In the right mandible 
(fig. 29) the general structure is the same, but the accessory lobe bears a 
number of small sharp teeth instead of ending in two large teeth as in 
the left mandible. 

The lower lip (fig. 31) is formed of two rounded lobes, the cleft between 
them reaching to the base, but they are united in the proximal half by an 
inner folded central lobe, the inner margins and the distal half of the outer 
margin of the outer lobes being densely fringed with long fine setne. 

The first maxilla (fig. 32) has the usual form, the extremity of the outer 
lobe bears about ten stoutly chitinised spines of different sizes, its inner 
margin is fringed near the middle with a number of very fine delicate seta^ ; 
the inner lobe is moderately stout and bears at the end the usual two brush- 
like setse. 

The second maxilla (fig. 33) is slightly curved, its outer lobe is much 
smaller than the inner, both being supplied with the usual seta. ; the distal 
portion of the outer margin is fringed with slender seta, but there are a few 
on the inner margin near the base. 

The maxillipeds (figs. 34 & 35) have the epipod long, about as long as the 
broad second joint, tapering tow'ards the subacute extremity, its margin 
fringed with delicate seta? ; the enlarged second joint is ex|>anded into a 
rounded lobe at the outer distal angle, fringed with long fine sehe; the palp 
has a short joint at the base, and the terminal portion, though formed of a 
single piece, is lobed on the inner side, indicating that it is formed of four 
joints, each lobe bears a large number of short stout seise ; the inner, 
masticatory, lobe of the maxilliped is rectangular, truncate at the extremity, 
densely covered with fine setse, at the inner distal angle it bears a minute 
appendage covered with very short setse. 

The legs (figs. 36 & 37) are all of about equal length, the posterior ones 
being only slightly longer than the anterior ; in all of them the ischium is 
long, being about two-thirds tlie length of the basis, and it expands slightly 
distally, the inerus is about subequal with the carpus, and the propod is 
slightly longer than either of the two preceding joints, but considerably 
narrower ; the daetj! is short and stout and has the basal portion thickly 
covered with fine short hairs ; there appears to be no special dactylar seta. 
On all of the joints, as shown in the figures, there are a few rather short, 
stout spines, and the inner margins of most of the joints, particularly the 
ischium, merus, carpus, and propod^ are thickly covered with fine, very short, 
setm. None of the legs is specially modified in the males. 

The first pleopod of the male (figs. 38 & 39) has the basal joint produced 
laterally into a broad lamellar expansion with its angles rounded ; the exopod 
is operculiform, broadest near the base and tapering to a subacute apex ; the 
endopod is specially modified, it is somewhat broader at the base and then 
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narrows, remaining about the same width nearly to the extremity where it 
narrows somewhat suddenly and has the apex pointing slightly outwards, 
along its posterior margin it bears a groove. The male organ is short, 
reaching only about halfway along the endopod, the distal third is narrowed 
and it is slightly emargiiiato at the extremity. 

The second ploopod (fig. 40) has the basal portion and the exopod similar 
to those of the first, except that the lateral expansion of the former is 
smaller ; the convex inner margin of the exopod is thickly fringed with 
fine short sete ; the endopod is greatly narrowed and elongated and appears 
to be divided into two joints, the basal one short and oblong, the terminal 
one very long, nearly twice the length of the exopod, and ending in an 
extremely fine siyliform process — along the anterior surface of this joint 
is a groove which appears to fit against the corresponding groove of the first 
exopod, doubtless thus forming a tube for the passage of the semen. 

The third pleopod has the exopod operciiliform and similar to those of the 
preceding pleopoda, the endopod is branchial, much shorter than the exopod, 
and somewhat quadrangular in shape, with rounded angles. The fourth 
(fig. 41) and fifth pleopoda are similar in shape and structure to the third. 

In the female the first pleopod (fig. 42) has the outer ramus of the same 
shape as in the male but considerably smaller ; it has the outer margin 
strongly convex proximally and concave distally, but is not distinctly 
bilobed as in Oniscus ; the inner ramus was not seen, it appears to bo 
either absent or very small. The second pleopod of the female (fig. 43) 
has the outer ramus larger and of the same shape : arising from the basal 
portion near the middle line is a small triangular appendage which appears 
to represent the inner ramus; it is firm and chitinous like the outer ramus 
and is not branchial in function. 

The uropo<la (fig. 44) have already l>een described; the upper surface 
of the base is somewhat keeled in the centre, and has the lateral portion 
expanded and slightly concave above; the uropoda are practically the same 
in both sexes. 


Deto buoculenta (Nicolet). (PI. 40 * figs. 45-59.) 

Oniscus buccuientus, Nicolet (<^ ), 1849, p. 267, pi. 3, fig. 9. 

„ „ Budde«Lund, 1885, p. 206. 

Omacm tuberculatua, Nicolet ($ ), 1849, p. 268. 

„ „ Budde-Lund, 1885, p. 206. 

Oniscus novee^zcalandia, Filhol, 1885, p, 441, pi. 54, figs, 7-*8. 
Scyphax (?) auekhfidisSf Chilton, 1901, p. 126 (in part). 

JMo novm-zealandm, Chilton, 1006, p. 273. 

„ „ Budde-Lund, 1906, p. 87. 

„ „ Chilton, 1909, p. 667. 

„ „ Chilton, 1910, p. 286. 
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Specific description, — Male* Body oblong-oval ; cephalon with front not 
much produced in centre ; lateral lobes large with outline subquadrangular, 
their surface fairly smooth, rest of dorsal surface of head irregularly tuber- 
culate. First segment of perseon much wider than the cephalon, posterior 
margin straight with lateral angles broadly rounded, central portion with 
two transverse rows of tubercles, lateral portions expanded and swollen 
into two balloon-like bodies with outer margin convex and surface very 
finely spinulose. Second, third, and fourth segments with posterior margins 
straight or only slightly sinuous at the sides, lateral angles slightly pro- 
duced ; fifth, sixth, and seventh with posterior margins concave, and lateral 
angles more or less acutely produced. All the segments with the central 
parts bearing two transverse rows of irregular tubercles, some of them, 
especially the lateral ones, pointed at apex ; on the epimera is a single row of 
tubercles or a raised ridge running obliquely outwards and backwards to the 
postero-lateral angle. 

Third, fourth, and fifth segments of pleon with large epimera, and a single 
row of tubercles on central portion. Telson short, much broader than long, 
triangular, apex broadly rounded, sides a little concave. 

Antennae stout, nearly half as long as body ; first three joints short, 
subequal, fourth nearly twice as long as third and about twice ns long as 
broad, fifth considerably longer than fourth, narrowed at base ; flagellum 
as long as fourth joint, first three segments subcqual, fourth smaller but of 
moderate size ; whole antenna densely hirsute, especially towards the end. 

Uropoda with base broad, flattened, the two meeting in median line, 
dorsal surface with a slight longitudinal ridge down the centre, outer 
margin thin, produced, postero-lateral angle acute, produced ; inner ramus 
inserted much anterior to outer, outer arising from a concavity at end of base, 
both reaching to same point; endopod with a few fairly long setse at end, 
short setao on other parts and on the exopod. 

Female. — Difters from male in lacking the large balloon-like expansions 
of the first segment of the peraeon, and in having the tubercles on the 
dorsal surface of the body much less developed and the antennae more 
slender. 

Length of male specimen 11 mm.; breadth 5 mm. ; female rather smaller. 

Colour. Slaty grey. 

HaUtat. Chatham Islands {Miss S. D. Shand) and Stewart Island 
(Mr. Walter Traill 4* Prof. Benham), New Zealand ; Valparaiso Bay, 
South America {Nieolet'). 

I first recognised this species from specimens, unfortunately poorly 
preserved, sent to mo from the Chatham Islands by Miss S. D. Shand ; 
one female was taken at Port Pegasus, Stewart Island, during the Philo- 
sophical Institute of Canterbury’s Expedition to the Subantarctic Islands of 
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New Zealand in 1907; subsequently Prof, Benham sent me a male and a 
female from the same locality, and quite recently Mr. Walter Traill has sent 
mo two males and one female from the island of Ulva in Paterson Inlet, 
Stewart Island, 

Filhol states that he collected the species near Wellington, but, though I 
have made many collections there, both personally and by the help of friends, 
I have not succeeded in finding it in that locality, 

I leel confident that the species described by Nicolet from Chili are the 
same as the New Zealand one ; his figures * and description agree throughout, 
the large expansions of the first perseon segment in the male are quite 
characteristic, and his figure of the antenna of Oniscus hurmlentvs agrees 
closely with the one I now give (fig. 48), which was drawn before I had 
seen the plates of Nicolefs work. The form Nicolet described as 0. tuber- 
culalus is evidently the female, and, though he described it as a different 
species, he recognised that it resembled CK hucculentas except for the secondary 
sexual characters peculiar to the male. 

A comparison of this species with 7>. aucJdandhv gives us a good example 
ot the apparent capriciousness in the secondary sexual characters of these 
Crustacea. In /J>. auclclandhe the differences arc confined to the antennae 
and the tuberciilation of the body; in ]). bnrcidenttfs wc have similar sexual 
<lifferences, though to a loss degree, but in ad<liiion we have in the male the 
extraordinary balloon-like expansions on the first person segment, for which 
I know of no. parallel among the (^ncstacea. What the function of these 
can be it is difficult to imagine ; they appear, however, only to bo developed 
to the full extent in the adult male; I have one specimen, a male, showing 
the usual male structure of the first and second pleopods, but the ex{»ansion?, 
though large, are not so large as shown in fig. 45, taken from an older male, 
and their outline is slightly angular, indicating the normal shape ot the 
segment; hilbol s figure shows a male in about the same stage of develop- 
ment ; his figure, however, is poor, and shows the legs much too long — 
when in their normal position they are not visible in dorsal view', 

lig. 45 of the male is taken from a Chatham Islands specimen ; in it the 
balloon-like expansions are somewhat flattened below', but very convex above, 
and the surface is thickly covered with minute spinules just as is showm in 
Nicolet’s figure. In a specimen subsequently received from Paterson's 
Inlet, Stewart Island, the expansions are still larger and somewhat more 
separated from the segment itself ; they are almost globular and strongly 
convex below as well as above, and the surface is almost smooth, showing 
only a slight wrinkled appearance, but apparently no minute spinules. The 
expansions are surrounded by a fairly thick cbitinous integument, quite firm 

X 

* I am indebted to Dr. W. T. Caiman, of the British Museum, for obtaining photographs 
of Nioolet’s plates for me. 
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and hard and rather difficult to cut through. On opening one I found it to 
be loosely filled with a soft white substance of a granular nature, showing 
no definite structure, but containing numerous globules of fat. In this 
Paterson’s Inlet specimen the tubercles on the segments of the perseon are 
rather more developed and more acutely pointed, especially those near the 
sides, than in the Chatham Islands specimen. 

The antennules (fig. 47) have the first joint about as long as the second 
and third together, the third being only about half the size of the second. 

The antennm are large and strong in the male (fig. 48), but not so greatly 
expanded as in D. aiichlandm ; the whole antenna is scabrous, with minute 
spinules, and bears also some fine seta?, especially towards the distal part. 
In the female (fig. 49) the antenna is much more slender and does not diflor 
very much from that of the female of 7>. aucklamlia\ 

The mouth-parts are, on the whole, similar to those of J), ancklanditv. In 
the right mandible (fig. .50) the accessory appendage ends in a crown of 
small pointed teeth of irregular size, and the hairy lappet at its base bears a 
haired bristle similar to the penicil” situated behvecn the lappet and the 
tuft of bristles representing the molar tubercle ; this tuft contains a large 
number of bristles varying in length, those towards tlie cutting-edge being 
the shortest The left mandible (fig. .51) has four teeth in the outer cutting- 
edge and three in the accessory app<*iulago, the other parts being the same 
as in the right. The lower lip (fig. t52) and tbe first maxilla (fig. h\)) 
similar to those of D, axicklandiw ; in' the second maxilla (tigi .54) the outer 
lobe is much narrower than the inner one. The terminal ]>ortion of the 
maxilliped is shown in fig. 55, and does not differ in any e.ssential detail 
from that of 7). aucUandhv* 

The legs (fig. 56) are similar to those of D, aucklandur^ though slightly 
more slender ; they are all of about the same length, the posterior ones being 
only slightly longer than the anterior; in all, the inner surface of the joints, 
especially of the ischium, merus, carpus, and propod, is thickly covered with 
a dense fringe of short fine setae ; a few stout spinules are found on the 
different joints, as shown in the figures. 

The ploopoda are, on the whole, similar to those of D. aucklatidw^ except 
that the exopod of the first pleopod (fig. 57) is not so much produced at its 
inner distal angle ; the endopod is fairly stout, more than twice as long as 
the exopod, and is channelled on the posterior surface. The male organ 
reaches as far as the exopod. In the second pleopod (fig. 58) the terminal 
portion of the endopod forms an extremely long styliform process, about 
three times as long as the exopod, and a groove extends along its anterior 
surface throughout about two-thirds of its lengtli. 

The uropod (fig. 59) is, on the whole, similar to that of D* aucklandiwj and 
has been sufficiently described in the specific diagnosis. 



GENUS or TERRESTRIAL ISOPODA. 


453 


General Remarks. 

The animals descrihed above present many points of interest, some 
of which have been ^already briefly mentioned. Considering the large size of 
most of them and their striking appearance, it is rather remarkable that they 
have not been more fully dcs 3 ribed before this, but some of them occur in 
localities not very accessible, and, as has been mentioned under T), marina^ 
even when the locality is accessible enough it is not always possible to find 
the specimens. 

One of the most striking features is the great sexual dimorphism exhibited 
apparently by all the species, and the varied forms that this takes ; thus in 
J), hircultmta the male diff<?rs from the Icinale in the possession of the 
extraordinary halloon-like exjiansions of the first segment ol the perscon ; 
in I), auckluiidur hy the much longer and more prominent blunt spines on 
the dorsal surface ; in J), e^'hinata and in 7^. armaia by (be longer spines 
arising from the sc^ginents of the pericon ; these are extremely long in 
JK echlnatu^ and the eapricioiisness of the differences is shown in the fact 
tliat, although tlieso two species appear to be closely similar in most respects, 
1), armaia has spines on the peitcon and also on the third and fourth seg- 
ments of the pleon, ^^hile IK ecldnata has them only on the peracon. In 
])• annosa the sexual differences are of a similar nature, but not so ^>ell 
marked ; in J). marina the male is uidvnovvn. 

All the species are strictlj^' sea-shore inhabitants, probably not extending 
much above hlgli-water mark or beyond the reach of the spray from the sea ; 
in accordance with this the^y are all branchial breathers, and show no sign of 
the adaptation for aerial respiration exhibited by most of the other terrestrial 
Isopoda. In this respect, as wtdl as in many points of structure, they agree 
with the genera Sctiphox and Scyidionhcn^^ and it is probable that tlieir 
nearest affinities will be found to be with these two genera. Sci/pha.c differs 
from Defo in the very large and well-developed eye with its rows of 
numerous ocelli, and Svy^dtonisens in the peculiar structure of the end ot the 
outer lobe of the first maxilla ; probably in both cases, however, these are 
characters of comparatively recent origin, and do not indicate a difference 
sufficient to counterbalance the many points of similarity. 

The most interesting point connected with the species of D^^to, however, 
is their geographical distribution, and they add a good example to the cases 
already known of closely allied forms being found on widely separated shores 
in siibantarctic regions. Ih bucculinta^ from South America, which seems to 
be quite identical with the species described as Oniscus nov^w-zealandirr, from 
New Zealand, emphasises the close relationship between the fauna of New 
Zealand and that of the southern part of South America, and is paralleled 
by the existence of the freshwater Isopod Iilotea lacastris in New Zealand 
and its Subantarctic Islands, and also in South America at the Straits of 
Magelluni and by the occurrence of Trichoniscus magellanicus and species 
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closely allied, if not identical, in the Subantarctic Islands of New Zealand, 
in Tierra del Fuego, the Falkland Islands, and Marion Island. Numerous 
other examples of similar distribution among the Crustacea and in other 
groups will be found in my concluding article (1909 a) on the “ Subantarctic 
Islands of New Zealand.” The close connection of Australia, St. Paul's 
Island, and South Africa with one another, and with the other subantarctic 
lands is shown by the occurrence in these places of species of Deto closely 
allied to one another, and not differing very much from those in New 
Zealand and South America. Another striking example of the same kind 
of distribution has recently been afforded in the discovery by Mr. Keppel H. 
Barnard t in freshwater streams of Cape Colony of a species of Phreatoicus^ 
a genus hitherto known only from the surface and subterranean freshwaters 
of Australia and New Zealand. Probably further exploration will result in 
the discovery of species of Deto and of Phreatoicus on other subantarctic 
lands from which they have not yet been recorded. 
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EXPIiANATION OF THE PLATES. 

Plate 39. 


Fig. 1. 

JDeto echinata, male^ dorsal Tiew. x 2 

2. 

9f 

tf 

male, antennee of same, x i 

3. 

ff 

tf 

male, uropod of same, x 8. 

4. 

Deto acinosa, male, dorsal view. X 4. 

5. 

ft 

ff 

female, dorsal view, x 4. 

6. 

99 

tf 

antenna of male, x 12. 

7. 

ft 

ff 

upper lip. Xl2. 

8. 

ff 

tf 

left mandible, x 60. ' 

9. 

ff 

99 

lower lip. x 30. 

10. 

*f 

ff 

second maxilla, x 30. 

11. 

ff 

ff 

maxilliped. x 30. 





456 


DETO, A SUBAMTABOTIO GENUS OF TERBESTBIAL ISOPODA. 


Fig. 12. 

Deto acitiosaf first leg of male. X 20. 

13. 

99 

99 

sevontb leg of male, x 20. 

14. 

99 

99 

first pleopod of male, x 20. 

16. 

99 

99 

second pleopod of male, x 20. 

10. 

19 

99 

first pleopod of female, x 30. 

17. 

99 

99 

second pleopod of female, x 30. 

18. 

99 

99 

uropod of male. X 20. 

19. 

Deto warinaf female, dorsal view. X 12. 

20. 

99 

99 

antenna of same, x 26. 

21. 

99 

99 

first leg of same. X 40. 

22. 

99 

99 

seventh leg of same, x 40. 

23. 

99 

99 

uropod. X 40. 

24. 

Deto aueklandiatf male^ dorsal view, x 3. 

26. 

)) 

99 

female, dorsal view, x 3. 

26. 

99 

>» 

antennule of male, x 30. 

27. 

99 

99 

antenna of male, x 8. 

28. 

99 

99 

antenna of female. X 8. 

29. 

99 

99 

right mandible of male* x 20. 

80. 

99 

99 

end of left mandible of male. X 30. 




Plate 40. 

Fig. 31. 

Deto aucJclanduBf lower lip of male. X 12. 

82. 

99 

99 

first maxilla of male. X 12. 

33. 

9* 

99 

second maxilla. X 12. 

34. 

99 

99 

maxilliped. x 12. 

36. 

99 

99 

maxilliped, extremity of same, more highly magnified. 

86. 

99 

99 

first leg of male. X 8, 

37. 

99 

99 

seventh leg of male, x 8. 

38, 

>♦ 

99 

first pleopod of male, seen from anterior side. X 12. 

89. 

99 

99 

the same, from posterior side. X 12. 

40. 

99 

99 

second pleopod of male. X 12. 

41. 

99 

99 

fourth pleopod of male, x 1 2. 

42. 

99 

99 

first pleopod of female. X 12. 

43. 

99 

99 

second pleopod of female, x 12. 

44. 

99 

99 

uropod of female, from below, x 8. 

46. 

Deto bueculentci, male, dorsal view, x 7. 

46. 

99 

99 

female, x about 5« 

47. 

99 

99 

antennule of male. X 30. 

48. 

99 

99 

antenna of male. X 12. . 

49. 

9* 

99 

antenna of female, x 12. 

60. 

99 

99 

right mandible of male, x 60. 

61. 

99 

99 

left mandible of male, x 00. 

62. 

99 

99 

lower lip. x 30. 

63. 

99 

99 

first maxilla. X 30, 

64. 

99 

99 

second maxilla, x 30. 

66. 

99 

99 

end of maxilliped. x 30r 

66. 

99 

99 

seventh leg of male, x 20. 

67. 

99 

99 

first pleopod of male, X 20. 

68. 

99 

99 

seccmd pleopod of male, x 20. 

69. 

99 

99 

uropod of male, from below, x 12, 
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Results o£ Crossing two Hemipterous Species, with reference to the- 
Inheritance of two Exclusively Male Characters. By Katharine 
Foot and E. C. Stkobell. (Communicated by Prof. E. B. Poulton,. 
F.R.S., Pres.L.S.) 

(Platks 41-47.) 

[Head 3rd June, 1915.] 

The results given in this j)aj)er are due to the interesting discovery made by 
Hr. Eltringham of Oxford, that there is a marked difference in the length of 
the iritroinittoni organ of the two hemipterous species Euscldstus variolarius 
and Euschistiis serviia. 

We feel greatly indebted to Professor Poulton for kindly suggesting 
Ur. Eltringham to us, in response to our expressed wish to find an 
experienced entomologist in England who would be walling to study 
E. variolarius and E. serv24s with a view of discovering some marked character 
distinctive of each species that could l)e profitably studied in the hybrids. 

The result of Ur. EltringhanPs investigations is of special satisfaction to 
us, because the discovery of a diff*erence in the length of the intromittent 
organ of the tw’o species offers a valuable control for the results obtained 
and the conclusions w'e were able to draw*^ from our study of the transmission 
of the genital spot *, enabling us to compare the inheritance of these two 
exclusively male characters in the same insect. 

During our experimental work on the genital spot (Foot and Strobell, 
^13 & ’14) we carefully isolated and preserved each insect, in the hope 
that future investigation by an experienced entomologist might reveal some 
other marked character in these insects that waiuld enable us to determine 
what relation, if any, might exist between the inheritance of a second definite 
character and the inheritance of the genital spot in each liybrid. 

Having our material preserved in this way has made it possible for us to 
demonstrate both the exact appearance of the genital spot and the exact 
length of the intromittent organ in one and the same individual of the Fi and 
F 2 hybrids, and also of the offspring from the backcross. We have made 
this comparison very simple by placing the photographs of the intromittent 
organs demonstrated in this paper in exactly the same order in which the 
photographs of the insects themselves were placed in our paper on the 

* Tliis is a di>tinet black spot which is present on the genital segment of the males of 
Euschistus variolarius^ and is a distinguishing feature of this species, while it is absent in 
E, m'vus. It is the presence of this exclusively male character which led us to cross 
these two species, with the hope of putting to an experimental test the chromosome-theory 
of sex-determination (Foot and Strobell, 'IS & '14). 
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inheritance of the i^enital spot, which is published in this same volume 
(Plates 28 - 34 ). It is only necessary to compare the two sets of photo- 
graphs in order to determine whether any definite relation exists in the 
inheritance of these two exclusively male characters. Such a comparison 
proves conclusively that the two are not linked in inheritance (see Linkage, 
p. 475). 

The study of the genital spot in these hybrids (Foot and Strobell, 
*13 & *14) forced certain conclusions as to its l)earingon recent chromosome- 
theories of heredity, and also its bearing on Mendel’s law of heredity. We 
shall demonstrate in the following paper that the results obtained from the 
study of the genital spot are in fact duplicated in the case of the intromittent 
organ — the study of this second exclusively male character supporting in 
every detail the conclusions forced by the facts of inheritance of the genital 
spot. 

Results and Discussion. 

We have dissected the intromittent organs from the genital segment of 
many of the parent species and from all the hybrids both of the Fi and 
generations, and also from the offspring of the backcross. After mounting, 
the intromittent organs were photographed at a magnification of 20 dia- 
meters, and all the measurements were carefully made from these photo- 
graphs ; therefore all the recorded lengths of the intromittent organs must 
be reduced to one-twentieth to obtain the actual lengths. 

The intromittent organ of E\(scMsim variolarhs (at a magnification of 
20 diameters) varies in length between 85'5 mm. and 106 inm., while that of 
Euschistiis ee'inms varies between 146 rnin. and 182 mm. These measurements 
were made from 62 pure vanolarivs specimens, and from 62 pure seruus 
specimens. 

The following tables give the measurements of the photographs of the 
intromittent organs (arranged in order of length) of the parent species, of 
hybrids, and of the backcross. 

Table 1 gives the lengths of the intromittent organs from 62 specimens of 
Euschistus variolanus^ and shows those cases in which 2 or more specimens 
have the same length. 

Table 2 gives the lengths of the 62 intromittent organs from Euschistus 
scrims. 

Tables 3 to 11 show the lengths of the intromittent organs from all 
the ¥2 hybrids and from the offspring of the backcross. These tables also 
show to what degree the genital spot is inherited by each hybrid, and they 
therefore demonstrate what relation, if any, exists in the inheritance of these 
two Exclusively male characters. Tables 3 to 9 inclusive give the lengths of 
the intromittent organs for each family of the 7 pairs of Fj hybrids ; and 
the mean length of the intromittent organ is computed for each separate 
family as well as for the total number of Fj hybrids. 
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Table 1 . 

Lenp;ths of intromittent ororans 
from 62 specimens of Enschistus 
variolarius, x 20 diams. 


85 J mm 1 

87 mm 1 

88 mm 1 

89 mm 1 

90 mm 1 

91 mm 1 

92 mm 2 

98 mm 4 

98^ mm 1 

94 mm 6 

94^ rain 2 

95 mm 1 

95^ mm 2 

90 mm 7 

mm 1 

97 mm ] 

97^ ram 1 

98 mm 0 

98^ mm 1 

99 mm 2 

100 mm 7 

lOOi mm 1 

101 mm 4 

102 mm 3 

104 mm 1 

104i mm 2 

106 mm 1 

6,996 02 


Mean length = 96*70 mm. 


Table 2 . 

Lengths of intromittent organs 
from 62 specimens of Euschuiun 
servus. x 20 diams. 


140 mm ] 

le52 mm 1 

154 mm 1 

158 mm 2 

158J mm 1 

1^)0 mm 1 

l()0Jmm 2 

161 mm 1 

102 mm 4 

1625 mra 3 

1(>8^ mm 2 

164 mm 4 

1045 mm 2 

105 mm. 1 

1654 mm 1 

160 mm 8 

16(*4mm 1 

107 mm 3 

1674 mm 1 

108 mm 1 

109 ram 1 

1094 mm ] 

170 mra 4 

1704 mm 1 

171 mm 1 

172 mra 1 

172*4 nim 1 

178 mm 2 

174 Him 1 

1744 mm 1 

175 mm 1 

1754 mm 1 

176 mm 1 

1704 mm 1 

177 mm 1 

1794 1 

182 mm ] 

10,318 ^ 


Mean length := 166‘41 mm. 


•V* 
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Tables 3 to 10. 

Lengths of the intromittent organs in the F, hybrids, showing the influence 
of the two original parent species, and a comparison of these lengths with 
the inheritance of the E. rariolarius genital spot. This comparison demon- 
strates that these two exclusively male characters are not linked in 
inheritance. 


Table 3.— 

-F, males from the 1st pair of Fj hybrids. Plate 42. 

43 specimens. 

Photos, 

Genital spot.* 

Intromittent organ. 

X 20 diams. 

17 .... 

Ist (upper) bug intermediate. 

JE. variolarius 

96 

mm. 


2nd „ ditto. 

JE, servus 

146 

>1 


drd ,, ditto. 

Intermediate 

]30 

ft 


4 th „ JE. sei'vus. 

ditto 

136 

9f 


5th j, intermediate. 

JE. servus 

160 

ft 

18 .... 

1st (upper) bug intermediate. 

Intermediate 

. 1121 

mm. 


2nd f, ditto. 

ditto 

V28 

ft 


3rd „ ditto. 

ditto 

122 

ft 


4tti f, ditto. 

ditto 

137 

tt 


6th „ JE. servus. 

JE, servus 

. 148 

ff 

19 .... 

1st (upper) bug intermediate. 

Intermediate 

114 

mm. 


2nd „ ditto. 

ditto 

129 

ft 


3rd „ JE. sermis. 

ditto 

1391 

ft 


4th „ ditto. 

ditto 

144 

ft 

20 .... 

1st (upper) bug JS, servus. 

Intermediate 

130 

mm. 


2nd ,f ditto. 

ditto 

120 

i; 


3i'd „ ditto. 

JE. variolarius 

98 

tt 

21 .... 

Ist (upper) bug intermediate. 

Intermediate 

124 

mm. 


2nd „ JE. servus. 

E. servus 

162 

tt 


3rd „ ditto. 

Intermediate 

13;3 

ft 


4th ft ditto. 

ditto 

122 

it 


6th „ ditto. 

ditto 

136 

tt 


6th „ ditto. 

E. variolarius 

97 

tt 

22 .... 

1st (upper) bug JE. servus. 

Intermediate 

136 

mm. 


2nd ditto. 

E, servus 

146 

ff 


3rd • „ ditto. 

Intermediate 

124 

ff 


4th „ ditto. 

ditto 

12^1 

ff 


6th „ ditto. 

ditto 

130 

ff 

23 .... 

Ist (upper) bug JE. variolarius. 

E. variolarius 

98 

mm. 


2nd ft JE, servus. 

Intermediate 

120 

tf 


3rd „ ditto. 

E. variolarius 

104 

ff 


4th „ ditto. 

Intermediate 

122 

ff 


* The genital segment of those insects is demonstrated in Plates 28-34 of this volnme^ the 
number of the photographs being the same for the two papei's, thus admitting an accurate 
comparison of the izfheritance of the genital spot and the type of intromittent organ. In 
classifying the photographs of these hybrids we included under the type not only 

those specimens with no spot whatever, but also those with merely a faint indication of a 
spot, for the latter was not visible in the living specimens nor in those freshly killed. Such 
a faint indication of a spot will probably not show in «U the prints. 
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Photos, 


Genital ^pot. 

24 ... 

. 1st (upper) bug intermediate. 


2nd 

ff 

E, servus. 


3rd 

ft 

ditto. 

26 ... 

. Ist (upper) bug intermediate. 


2nd 

tf 

ditto. 


Srd 

tt 

ditto. 


4th 

if 

ditto. 


Sth 

f} 

ditto. 


eth 


E, servus. 


7th 


ditto. 


8th 


ditto. 


Infromittent organ, x 20 diams. 


E. variolarius . . . . 

.... 100 

mm. 

Intermediate . . . . 

... 114 

ditto .... 

. . I32i 

f9 

Intermediate , . . , 

... 114J 

mm. 

ditto 

... 123 

it 

E. variolarius .... 

... 300 

Intermediate .... 

... 108 

ff 

E, variolarius .... 

... 93 


Intermediate 

... 132 


E. variolarius 

... 85| 


Intermediate ... . 

... 140 

ft 


Mean length of intromittent organ, 123*14 mm. 


Photos, 

20 


27 


28 


29 


30 


31 


32 


Table 4. — males from ihe second pair of hybrids. 

30 specimens. 

Genital »pot, 

1st (upper) bug variotarius. 

2nd „ intermediate. 

3rd „ ditto. 

4tb „ ditto. 

0th „ ditto. 

Ifct (upper) bug intermediate. 

2iid „ E. servus. 

3rd „ ditto. 

41h „ ditto, 

let (upper) bug E. variolarius. 


2iid ,, intermediate. 

Srd ,, E, servus, 

4th „ ditto. 

3th „ intei'mediate, 

0th „ E. servus. 

1st (upper) bug E, servus. 
2rid „ ditto. 

Srd „ ditto, 

4th „ intermediate, 

5th „ E. servus. 

1st (upper) bug E, servus, 
2nd „ ditto. 

Srd „ ditto. 

4th „ ditto, 

1 St (upper) bug intennediate. 

2nd „ ditto. 

3rd „ ditto, 

Ist (upper) bug E, vartoktriua, 
2ud „ intermediate. 

Srd „ E, servus. 


Infromittent organ. 

Intermediate 

E, variolarius 

Intermediate 

ditto 

ditto 

E, variolarius 

Intermediate 

ditto 

ditto 

E, variolarius 

Intermediate 

ditto 

ditto 

ditto 

ditto 

Intermediate 

ditto , . . . ; 

ditto 

ditto 

ditto 

Intermediate 

4itto 

ditto 

ditto 

Intermediate 

ditto 

E, vanolarius 

Intermediate 

ditto 

ditto 


Plate 43. 

X 20 diams. 
115^ mm. 
300 „ 

116 „ 
118 „ 
118 „ 
99 mm. 
130 „ 

130 „ 

130 „ 

90 mm. 

142 „ 

124 „ 

131 „ 
121 „ 
127J „ 

124 mm. 

123 „ 

125 „ 

126 „ 
126 „ 
130 mm. 
134J „ 
116J „ 

133 , 

114 mm. 
114 „ 

99 * „ 

114J mm. 
122 „ 

127 


Mean lenglii of intromittent organ, 120*67 mm. 
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Table 5. — F* males from the third pair of Fi hybrids. Plate 44. 

48 specimens. 


Photos, 


{genital spot, I 

Intromitient organ. 

X 20 diams. 

33 .... 

Ist (upper) bug intermediate. 

Intermediate 

. . I17i 

mm. 


2nd 

ditto. 

ditto 

.. 124 



3rd 

„ ditto. 

ditto 

. . 116J 

n 


4tb 

„ ditto. 

ditto 

.. 144 

fy 


bth 

„ E, serms. 

ditto 

.. 123i 



eth 

„ intermediate. 

ditto 

.. 130 

yy 

34 .... 

let (upper) bug J2. variolarius. 

Intermediate 

.. 128 

mm. 


2nd 

„ intermediate. 

ditto 

.. 131 



Srd 

„ ditto. 

ditto 

.. 140 



4th 

„ E, serous. 

ditto 

.. ISO 

yy 


5tb 

„ E, vanolarius. 

ditto 

.. 140 



etb 

,f ditto. 

ditto 

.. 121 

yy 


7th 

„ intermediate. 

ditto 

.. 123 



8th 

f, ditto. 

E, servus 

. . 147 


35 .... 

1st (upper) bug E, variolarius. 

E, variolarim 

.. 104 

mm. 


2nd 

„ ditto. 

Intermediate 

.. 116 



Srd 

„ intermediate. 

ditto 

. . 126 



4th 

„ ditto. 

ditto 

. . 134 



6th 

„ E, serous. 

ditto 

. . 134i 

yr 

30 .... 

Ist (upper) bug E. variolarius. 

Intermediate 

.. 114 

mm. 


2nd 

„ intermediate. 

ditto 

.. 1274 



Srd 

„ ditto. 

ditto 

. . 1274 

yy 


4th 

„ E. sertm. 

ditto 

. . 124 



6th 

„ ditto. 

ditto 

.. 142 



6th 

„ ditto. 

ditto 

.. 120 



7th 

„ ditto. 

ditto 

. . 1274 

yy 

37 .... 

let (upper) bug E, sermis. 

Intermediate 

.. 122f, 

mm. 


2nd 

„ intermediate. 

ditto 

.. 1224 

yy 


Srd 

„ E, servus. 

ditto 

.. 126 

yy 

38 .... 

let (upper) bug intermediate. 

Intermediate 

.. 112 

mm. 


2nd 

„ ditto. 

ditto 

.. 120 

yy 


3rd 

„ ditto. 

ditto 

. . 126 

ff 


4th 

„ E, servus. 

ditto 

.. 139J 

ty 


6th 

„ ditto. 

ditto 

.. 140 

ff 

39 .... 

1st (upper) bug intermediate. 

Intermediate 

.. 137 

mm. 


2iid 

„ ditto. 

ditto 

.. 1344 

yy 


Srd 

,f E. servus. 

ditto 

.. 140 



4th 

„ ditto. 

ditto 

.. 124 

yy 

40 .... 

1st (upper) bug E, variolarius. 

Intermediate 

. . . 1144 mm. 


2Dd 

„ intermediate. 

ditto 

.. 117 



Srd 

„ ditto. 

ditto 

.. 122 



4th 

,, ditto. 

ditto 

. . 1364 

yy 


6th 

y, ditto. 

ditto 

.. 126 



6th 

„ ditto. 

ditto 

.. laei 



7lh 

„ ditto. 

ditto 

.. 120 

yy 

41 .... 

1st (upper) bug E, variolarius. 

Intermediate 

. . . 1164 mm. 


2nd 

„ intermediate. 

.. ditto 

. . , 132 

yy 


drd 

y, ditto. 

ditto 

... 126 

ff 


Mean length of intromitient organ, 126*92 mm. 
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Table 6. — F 2 males from the fourth pair of Fj hybrids. Plate 45 . 

27 specimens. 


Photos, 


Genital spot, i 

Intromittent wgan. 

X 20 diams. 

42 ... 

let (upper) bug intermediate. | 

Intermediate 

.. 142 1 

mm. 


3nd 

„ ditto. 

ditto 

.. 130 

•> 


Srd 

„ ditto. 

ditto 

.. 130* 



4th 

„ E. servos. 

ditto 

. . 13G 


43 ... 

. 1st (upper) bug intermediate. 

Intermediate 

. . 118A 

mm. 


2nd 

,, ditto. 

ditto 

. . 132 

>» 


3rd 

,, ditto. 

ditto 

. . 140 

u 


4th 

,, E, servns. 

j ditto 

. . . 183 



r.th 

„ ditto. 

ditto 

. . . 127 

•» 


6tb 

„ ditto. 

ditto 

. . . 138 



7th 

„ ditto. 

ditto 

. . . 141i 


41 . . . 

1st (upper) bug inU'rmediate. 

Intermediate 

... 116 

mm. 


2nd 

„ ditto. 

ditto 

. . . 127 


45 . . 

Ist ( 

upper) bug intermediate. 

Intermediate 

. . . 128 

nmi. 


2nd 

„ ditto. 

ditto 

... 136 

»» 


3rd 

,, ditto. 

ditto 

. . . 137 

ft 

4(i . . 

. . 1st (upper) bug E. variolarius. 

Intermediate ... . 

... llGi 

mm. 


3nd 

„ intermediate. 

ditto ... . 

. . . 128 



3rd 

„ E, variolanus. 

! ditto 

122 



4th 

„ ditto. 

1 ditto 

... 120 

»* 


5th 

„ intermediate. 

ditto 

. . . 136 



6th 

„ ditto. 

' ditto 

... 127 


47 . . 

1st (upper) bug inteniiediute. 

Interniedinto 

. . . 

mm. 


2nd 

„ ditto. 

' ditto 

... 110 

>» 


3rd 

,, ditto. 

ditto 

.. . 142 



4th 

„ ditto. 

! ditto 

... 121 

•» 

48 . . 


E, variolarius. 

Intermediate 

... 110 

mm. 


Mean length of intromittent organ, 128*27 mm. 


Table 7. — Fg males from the fifth pair of Fi hybrids. (4 specimeris.) 
Photos 15—16, Plate 41 . 

Phalos* Genital spot, I Intromittent organ r X 20 diams. 


16 .... lat (upper) bug E. variolarim* Intermediate 108 mm. 

2nd „ intermediate. ditto 107J „ 

3rd ,, ditto. Et serVfiS ........ 1^7 ,, 

16 ... . E, servu8. Intermediate 135 mm. 


Mean length of intromittent organ, 124*37 mm. 

K 
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Table 8. — Fj males from the sixth pair of Fi hybrids. (6 specimens.) 
Photos 49-50, Plate 45 . 


PhotoB, 

49 .... 

60 .... 


Genital spot, 

1st (upper) bug intermediate. 
2nd „ E. ^erms. 


Introinittent organ, X 20 diams. 

Intermediate 113^ nmi* 

ditto 129i y, 


Ist (upper) bug intermediate. 
2nd „ ditto. 

8rd „ ditto. 

4th „ ditto. 


Intermediate 

ditto 

ditto 

ditto 


128 mm. 

128 y, 

126 „ 
134 „ 


Mean length of introinittent organ, 126*33 mm. 


Table 9. — Fj males from the seventh pair of Fi h^^brids. Plate 46 . 

(32 specimens.) 


Photos. 


Genital spot. 

61 . . . . 

1st (upper) bug intermediate. 


2nd 

„ E. servus. 


Srd 

„ ditto. 


4th 

„ intermediate. 


Sth 

„ E. serms. 


6th 

„ ditto. 


7th 

„ ditto. 


Sth 

„ ditto. 


9th 

„ intermediate. 

62 . . . , 

let (upper) bug E. serms. 


2nd 

yy inteimediate. 


Srd 

„ ditto. 


4th 

„ E. servus. 


6th 

„ ditto. 


6th 

„ ditto. 

63 . . . . 

1st (upper) bug intermediate. 


2nd 

„ ditto. 


Srd 

„ ditto. 


4th 

y, E. servus. 

54 ... 

1st (upper) bug intermediate. 


2nd 

„ ditto. 


3rd 

„ E. servus. 


4th: 

„ intermediate. 


Intromittenl organ. X 20 diams. 


Interuiediato 

.. 110 

nun. 

ditto 

.. 120 

it 

ditto 

. . 131 

ti 

ditto 

.. 119 

ft 

ditto 

. . im 

if 

ditto ..... 

1214 

V 

ditto 

. . 13H 


ditto 

. . 115 


ditto 

. . 122 

if 

Intermediate 

.. 127 

mm. 

ditto 

.. 123i 

fi 

ditto 

.. 112 

ti 

ditto 

.. 128 

fi 

ditto 

.. 120 

ii 

ditto 

.. 136 

it 

Intermediate 

.. 1154 

mm. 

ditto 

.. 112 

ft 

ditto 

.. 115 

if 

ditto 

. . 1434 

it 

Intermediate 

.. 130 

mm. 

ditto 

.. 120 

ft 

ditto 

.. 136 

ft 

ditto 

.. 112 

fi 


66 


1st (upper) bug E. variolariue. 
2nd „ intermediate. 

Srd „ ditto. 

4th f, E, servus. 


Intermediate 

ditto 

ditto 

ditto 


llOJ mm. 
118 „ 
118 „ 
131 „ 


66 


Ist (upper) bug E. variotariue. 
2nd „ intermediate. 

3rd „ E, %ervm. 


Intermediate 

ditto 

ditto 


112J mm, 
119 „ 

129i „ 


67 


Ist (upper) bug intermediate. 
2nd * „ ditto. 


Intermediate 

ditto 


1064 mm. 


120 




Mean length of intromittent organ, 122*29 mm. 
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Tarlb 10, — Summary of the above detailed results. 



No. of specimens with 
E. variolarius genital 
spot. 

np. 

|ilf^ 

1 1 s 

No. of specimens with- 
out genital spot (like 
£*. servus). 

No. of specimens with 
E, servus length of 
intromittent organ. 
(Between 146 mm. and 
182 mm.) 

No. of specimens with 
genital spot iiiteruie- 
diate between £'. vario- 
hirius and E. servus. 

No. of specimens w'Uh 
length of intromittent 
organ intermediate be- 
tween E. variolarius 
and E. servus. 

Fa males Irom Ist 
pair of f’l hybrids 
(43 specimens). 
Photos 17-2.5. 

1 

9 

2o ! 5 

1 

17 

20 

Fa males from 2nd 
pair of P'l liybrids 
(30 specimens). 
Photos 20 32. 

3 

4 

! 

15 ; 0 

1 

1 

12 i . 26 

i 

: 

Fa males from 3rd 

I pair of Fi hybrids 

1 (4H aj)ecimeiiH). 

1 Photos 33-41. 

H 

1 

J3 1 

27 I 46 

Fa males from 4th 
pair of Fi hybrids 
(27 specimens). j 

Photos 42-48. 

i „ 

1 

“■ ! 

5 ! 0 

18 ; 27 

i 

i 

Fa males from oth ! | 

pair of Fi hybrids i i , q 

(4 specimens). 1 ^ , 

Photos 15-16. 1 

1 

1 

1 

1 

. : 3 

Fa males from 0th 
pair of Fi hybrids 
(() specimens). 
Photos 49-50. 

0 1 0 

1 

0 

1 

5 , a ' 

i 

P'a males from 7th 
pair of Fi hybrids 
(32 specimens). 
Photos 61-67. 

2 

U 

14 

0 

f 

16 I 32 

j 

Totals 

19 

14 

74 

i 

' I 

97 { 169 

i 


Mean length of intromittent organ of the 190 hybrids, 124*42 mm, 
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Table 11. — Lengths o£ the intromittent organs in the 18 males from the* 
Backcross (i. Fi ? X pure variolarius cJ), side by side with the 
inheritance of the E, variolarius genital spot. A comparison demon- 
strates again that these two exclusively male characters are not linked 
in inheritance. Photos 62-66, Plate 47 . 


Photos, 


Genital spot, | 

Intromittent organ. 

X 20 diams. 

62 ... 

. Ist (upper) bug E, vartolartus. 

Intermediate 

. . 112^ mm» 


2nd 


ditto. 

E, variolarius 

. . 106 „ 


8rd 


intermediate. 

Intermediate 

.. 128i „ 


4tb 


ditto. 

ditto 

. . 117 „ 

63 ... 

Ist (upper) bug E, variolarim. 

Intermediate 

. . IIO-J mm. 


2nd 


ditto. 

ditto 

. . 116 „ 


Srd 

» 

ditto. 

E, variolarim 

. . 106 


4th 

»i 

ditto. 

Intermediate 

.. 107 

64 ... 

. ]st (upper) bug E. variolarius. 

Intermediate 

. . 116 mill. 


2nd 


ditto. 

ditto 

.. 1124 « 


3rd 


intermediate. 

ditto 

.. 1224 „ 


4th 

»> 

E, variolarius. 

E. variolarius 

. . 102 „ 


5th 

it 

intermediate. 

Intermediate 

.. 119 „ 


6th 


E, variolarius. 

ditto 

. . 118 „ 

65 ... 



E. variolarius. 

Intermediate 

. . 1181 mm. 

66 ... 

. Ist (upper) bug E, variolunus. 

Intermediate 

. . 1144 mm> 


2nd 

if 

intermediate. 

ditto 

.. llOi „ 


3rd 

a 

ditto. 

ditto 

.. 1064 „ 


Mean length of intromittent organ, 113*47 mm. 


It is an interesting fact that MendcFs Law of Heredity owed its inception- 
in part to an analytical study of a size-character — the character which has 
proved on further investigation to be the greatest stumbling-block to an 
unqualified acceptance of the law as a wholly satisfactory explanation of the 
problems of heredity. In his original work on tall and dwarf peas, Mendel 
found that two lengths so far apart as 6 ft. and ft. acted as unit characters,. 
and these characters showed dominance and segregation. 

More recent work on size-relations has led to an accumulation of facte 
showing that in the majority of cases dominahco and segregation in the- 
Mendelian ratios of 1-2-1 are not present ; and many Mendelians have 
made ingenious eflfbrts to reconcile these facts wdth their conception of 
Mendelism by adding a superstructure to Mendel’s original law, which has- 
called forth an earnest protest from certain investigators. 

Castle was the first Mendelian to demonstrate a case in which dominance' 
and segregation were found to be absent where a length-character was 
carefully studied. He crossed the long-eared lop rabbit with the ordinary 
short-eared type, and found the generation with ears intermediate in. 
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length, and no Mendelian segregation in the F 2 generation. These tacts, 
together with further studies on size-relations, followed by his striking 
results in selection (Castle, '12 & '14), have led him to question certain 
hypotheses which he believes are quite unnecessary adjuncts to Mendelisin. 

As Castle believes that both small and large variations are inherited, he 
questions the mutation theory which claims “ that only variations of some 
size are inherited 

As he believes in quantitative variations of unit characters, he questions 
the multiple factor hy[)othesis. 

As he has demonstrated that quantitative variations can be increased by 
selection, he questions the hypothesis which denies this possibility (genotype 
theory). 

Of unit characters he says : In my experience every unit character is 
subject to quantitative variation, that is, its expression in the body varies, 
and it is clear that these variations have a germinal basis because they are 
inherited.'’ 

“ It is the substantial integrity of a quantitative variation from cell- 
gcneratioii to cell-generation that constitutes the basis of Mendelisin. All 
else is imaginary.'’ (Castle, '12 a.) 

Castle has arrived at his present conception of Mendelism through his 
extended and thoroughly scientific experiments on quantitative variations ; 
and the results of his experimental studies of size-differences appear to be so 
completely in harmony with the results of our cross-breeding experiments 
with Euechidus^ that we shall give a brief summary of his observations before 
we present the facts which seem to us to support them, 

Hiswdde experience in experimental breeding in relation to size-characters 
entitles him to speak with authority on this subject. 

His observations may bo briefly stated us follows : — 

First. Dominance is absent in the Fj hybrid generation. 

Second. The Fi hybri<ls are intermediate in size. 

Third. Mendelian segregation is absent in the Fo hybrid generation. 

Fourth. There is increased variability in the Fo generation as compared 
with the Fj generation. 

Fifth. The F 2 generation, like the Fi, is intermediate in size. 

Sixth. Both extremes in size of the original parents may be found in 
the F 2 generation, but not in the Fi generation. 

Seventh. Size-characters, in common with all characters (even those that 
Mendelize), show quantitative variation. 

We shall compare these observations with our own results, and when 
making this comparison we shall consider first the intromittent organ, and 
then the genital spot, in order to point out that the results from these two 
exclusively male characters are identical. < 
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“ First. Dominance is absent in the Fi hybrid generation, — This is 
supported by our measurements of the intromittent organ ; for not one 
of the ten * Fi hybrids has a length of intromittent organ that comes within 
the range characteristic of either variolarius or of serv^is. They are all 
intermediate : one measures 109 mm., one 122 mm., two 124 mm., four 
126 mm., one 132 mm«, and one 134 mm.f 

Absence of dominance is equally evident in the case of the genital spot ; 
for nine of the eleven Fi hybrids are variable intermediates, while only two 
are like one of the parent species — L ^., like serms in having no spot. 

“ Second, llie hybrids are intermediate in size^ — This is quite true for 
both the intromittent organ and the genital spot, though it can be more 
clearly demonstrated in the former. 

The mean length of the intromittent organ of Euschistus variolarius is 
96*70 mm. (Table 1), and that of E, serims is 166*41 mm. (Table 2). A 
precise intermediate between these two means would be 131*55 mm. {i. e., 
i54*85 mm. above the mean of E, vatnolarius or below the mean of E, serms). 

The mean length of the organ in the Fj hybrids computed from the ten 
specimens is 124*9 mm., which is slightly below the precise intermediate 
{131*55 mm.), and shows therefore a stronger inheritance from E. variolarius 
than from E. servus. The exact length of each specimen, as stated above, 
shows the Fi intromittent organs to be very vanable intermediates, ranging 
between 109 mm. and 134 mm. in length. 

In the case of the genital spot the slightly stronger inheritance is from 
E. serms instead of from E. variolarius^ for two of the eleven hybrids are 
like servus in having no spot. The remaining nine specimens are variable 
intermediates (photos 8 to 14, Plate 28 of this volume), and therefore the 
genital spot as well as the intromittent orgai^ may be said to bo approximately 
intermediate in size between the two parent species. 

“ Third. Metidelian segregation is absent in the F^ hybrid generations ^ — 
In our study of the transmission of the genital spot of variolarius (Foot and 
Strobell, ^14 a) we divided the hybrids into three groups — those having 
a genital spot like those of pure variolarius^ those without a spot like servus, 
and those with a spot intermediate between these two extremes. In the case 
of the intromittent organ w^e have grouped the hybrids into three similar 
classes — ^those having a length of intromittent organ within the range of that 
of variolarius, those with a length of organ within the range of that of 
servus, and those with a length intermediate between the longest found 
in variolarius and the shortest found in servus. 

It we are looking for a simple Mendelian segregation of 1-2-1 and assume 
that the heterozygotes are represented by the intermediates, we should 

* The iataromitleut organ of the eleventh hybrid was destroyed in dissection. 

t These lengths are given in connection with each photograph {J to 14), and can therefore 
he compared with the inheritance of the genitid spot. 
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expect to find these two exclusively male characters in tho Fg hybrids in 
the following ratio: — 25 7o Hke variolarius, 25 ®/o like servus^ and 50 7a 
interniodiates. We ought to find 47 of tho 190 Fg hybrids like variolarius^ 
47 like servus^ and 94 intermediates ; whereas we find in the case of the 
introinittent organ 14 like variolarius^ 7 like servus^vnaX 169 intermediates 
(see Table 10), and in the case of the genital spot 19 like variolarius^ 74 like 
servus^ and 97 intermediates (Table 10)* Both characters — the introinittent 
organ and the genital spot — are therefore like other size- characters in 
their failure to show Mendelian segregation in the Fg generation. 

'^Fourth. — There is increased variability in the generation as compared 
with the Fi generation^ — This appears at first sight to be true both for the 
introinittent organ and for tho genital spot, but the evidence is unsatisfactory 
in that the number of individuals is so very different for the two generations, 
and, as variation is present in both generations, we must expect the larger 
number to give the larger number of variations. We have the exact lengtli 
of the introinittent organ for 190 specimens of the F 2 generation, but have 
it for onlj'^ 10 of the Fj generation* There are 69 variations oflengUi in the 
190 F 2 hybrids (Tables 3 to 9), and only six variations in the ten F| hybrids. 
Tho latter, however, represents more variations in relation to the number of 
specimens than the 69 variations in the 190 F 2 hybrids. 

These relations hold true also in the case of the genital spot, though 
the evidence here is not so exact, as the differences cannot be accurately 
measured as in tho case of the introinittent organ. 

On the whole we are not justified in claiming that the evidence is in 
accord with the observations on those size-characters which show that 
“ there is increased variability in the F 2 generation as compared to the 
Fi generations^. 

“Fifth. The F^ generation^ like the is intermediate in size.*^ — This 
point can again be most satisfactorily deinonKstrated in the case of the intro- 
inittent organ, for we know ihe mean length of tho organ for both parent 
species, for the F^ generation, the Fg generation, and for the* seven separate 
families of these Fg hybrids. 

As stated above, tho theoretically precise intermediate between tliCiineun 
lengths of the two parent species would be 131’55 mm. 

The following are the mean lengths of introuiittent organ of the F 2 males 
from the seven pairs of Fi hybrids : — 

1st pair of Fj hybrids...,,, 123*14 mm. (table^3). 

2nd pair of 17 hybrids. ..*•, 120*67 mm. (table 4). 

3rd pair of Fi hybrids ...... 126*92 mm. (table 5). 

4th pair of Fi hybrids 128*27 mm. (table 6). 

5th pair of Fj hybrids 124*37 mm. (table 7). 

6th pair of Fi hybrids 126*33 nun. (table 8). 

7tli pair of Fi hybrids ...... 122*29 mm. (table 9). < 
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The mean length of the intromittent organ computed from the total 
number of P 2 males (190 specimens) is 124*42 mm. A comparison of this 
with the mean length of the organ of the hybrids (124’9 mm.) shows that 
the mean length is almost the same for both the first and second generations, 
differing only by a few hundredths of a millimetre. It is clear therefore 
that the Fg generation, like the Fi, is intermediate in size, and both agree 
further in showing a stronger inheritance from variolarius than from servus. 
This is true not only when the total number of Fg hybrids is considered, but 
holds for each individual family of the Fg generation — each of the seven 
families has a mean length of intromittent organ which is below the 
theoretical intermediate between the parent species (131*55 mm.). 

Sixth. Both extremes in size of the original parents mag be foimd in the 
generation, hut not in the Fi generations ^ — As the two characters we are 
testing are exclusively male, we can compare our results with the above 
observation only in the case of the original male parent. The length of the 
intromittent organ of the original B. servtts male parent of the first cross is 
ItiG mm., a length which has not been reached in any of the 190 specimens 
of the Fg generation, the longest intromittent organ of all these Fg hybrids 
measuring only 152 mm. (Table 3), and in only one specimen of the 190 was 
this length attained. We therefore cannot say that the length of the intro* 
mittent organ of this grandparent is found in our Fg generation. If we 
disregard this length and take into consideration the mean length of the 
organ both in servus and in variolarius, we then find that a length of intro- 
inittent organ characteristic of both species is represented in the Fg generation, 
and we find a still larger number like the two species, if we consider all 
the Fg hybrids which have a length of organ within the limits of length 
(diaracteristic of variolarius and servus. For example, 14 Fg hybrids arc like 
vanolarins in having the length of intromittent organ 106 mm. or less, and 
7 are like servus in having the length of intromittent organ 146 mm. or 
more (Tables 3 to 10). 

Among the ten Fi hybrids we find none with a length of organ like 
E, variolarius (106 mm, or less) nor any like E, servus (146 mm. or more), 
but we are inclined to believe that this is due to the relatively small number 
of specimens. As stated above, the relative number of variations in length of 
the intromittent organ of the ten Fi hybrids is greater than that of the Fg 
generation, and therefore we should expect a larger number of specimens 
to give us a larger range of variatioBu^ Even among these ten specimens we 
have one with the intromittent organ only 109 mm. long, and this is within 
3 mm. of the vamolarius type. 

The results in tlie case of the genital spot are very similar. Nine of the 
eleven Fi hybrids haVe a spot variably, intermediate between that of the two 
parent species, but two are like servus in having no spot. 
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In the Fa generation the extremes of the genital spot {i, e., its full size and 
its complete absence) are represented, 19 of the Fj hybrids having a genital 
45 pot almost if not quite as pronounced as the pure variolarius species, and 
74 having no spot like E, servus, 

‘‘ Seventh. She^cfiaracters, in common with all characters (even those that 
Mendelize), show quantitative variation,’*^ — Quantitative variation is of course 
more accurately demonstrated in the case of the intromittent organ than in 
the genital sjiot, though it is present in both these characters. Table 1 shows 
that in 02 specimens of E, variolaiius the length of the organ varied between 
85^ mm. and lOG mm., the range of the variation between the shortest and 
the longest being 20*5 mm. The table gives the number of specimens having 
the various lengths, and it demonstrates that there is no definite ascending or 
descending scale of variation in relation to the number of specimens having 
a given length of the organ, though the extremes are represented by only 
one specimen, and lengths near the mean are more frequently represented. 

This is true also for E. servus as demonstrated in Table 2. This table gives 
the lengths of the intromittent organs for 62 specimens, and sliows that this 
length varies between 146 mm. and 182 mm,, the range of the variation 
between the shortest and the longest being therefore 36 inm. 

Variations in the length of the intromittent organ maybe quite independent 
of the relative size of the insects, not only in the hybrid generations, but also 
in the pure species: for example, the photographs of the two intromittent 
organs idiown in photo 6 measure 104 mm. and 94 mm. The two insects 
from which th<*so organs wore taken are brothers of the E, variolarius female 
of the original cross. The one having the longer intromittent organ (104 mm. ) 
is decidedly the smaller insect, the actual width of the pronotum (between 
iho humeri) being mm., while the pronotum of the insect with the shorter 
organ measured 9i mm. 

Quantitative variation in the genital spot, though more difficult to 
demonstrate than in the intromittent organ, can be appreciated by comparing 
the male offspring from the same parents. 

It is clear that all the points biken up under the above seven headings 
apply to the genital spot with quite as much force as to the intromitterit 
organ — tbe size of the genital spot, like the length of intromittent organ, 
showing a type of inheritance that is nearly in full accord willi C\nstle'« 
observations on size-characters. In earlier papers those facts were clearly 
stated in the case of the genital spot (Foot and Strobell, ^13 & '14 a), but it 
is interesting to note that Morgan (’14) interprets such evidence quire 
differently from Oastlc, for he says, “ the authors^ evidence shows tlmt it 
(the genital spot) is inherited as are JMcndelian characters (page 481). 

We do not feel justified, in view of the narrow limits of our experiments 
in genetics, in attempting to draw conclusions as to the possible bearing of 
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our results on Mendelism, or on the many ingenious hypotheses designed < 0 ' 
adapt MendePs law to some later experimental results. As, however, w’e are 
in entire sympathy with Oastle’s interpretation of size-characters, and believe 
his thorough knowledge of the subject entitles him to speak with authority, 
we would quote some of his recent conclusions that appear to us as sustained 
by the facts of our experimental work on both the intromittent organ and 
the genital spot of Euschistm. 

Castle says ; — “ It is evident that size is not a simple unit character, 
for there is no dominance and no evidence of segregation other than the 
increased variability of the second hybrid generation 

‘‘ Dominance is clearly absent and the only fact suggesting segregation 
is the increased variability of the second as compared with the first hybrid 
generation. This fact, how’ever, may be accounted for on other grounds than 
the existence of multiple units of varying power. 

“ If size-difierences are due to quantitative variations in special materials 
within the cell, it is not necessary to suppose that these materials are localized 
in chunks of uniform and unvarying size, or that they occur in any particular 
number of chunks, yet the genotype hypothesis involves one or both of these 
assumptions. Both are unnecessary.’’ ((kstle, ’12 c.) 

“The results of all observers, as regards the inheritance of ordinary 
differences in size, are closely in accord. When two races differing in size 
are crossed the immediate offspring are intermediate in size. The next 
generation of offspring is likewise intermediate, but more variable as a ruh*, 
and it has been found possible in some cases to select from them forms as 
extreme in size as the original parents. To interpret such cases as Mendelian, 
requires the assumption that no single unit or factor is concerned in the size- 
difference, but many wholly independent units. For a single Mendelizing 
unit would produce a wholly different result.. But suppose w^e allow the 
assuihption that many independent Mendelizing units or factors are concerned 
in the inheritance of size. The pure line hypothesis is not benefited by this 
assumption unless w'e suppose further that these bj'^pothetical factors do not 
vary. But this is an assumption wholly without warrant.” (Castle, ’14/y.) 

“ The increased variability of the Fj generation is the only evidence of 
Mendelism in size crosses.” • . • • 

“On any hypothesis size-differences must depend on many mutually 
independent factors or causes . • • It would bo rash to assume that all the 
factors concerned are Mendelizing factors, in the total absence of the two 
usual accompaniments and criteria of Mendelism, dominance and segregation 
in recognisable Mendelian ratios.” (Page 2.) 

He says the facts observed for body-size in rabbits and other quantitatiA e 
characters in animals and plants are, and Fsalsointfrmcdiaie,. 

but more variable than Fj, and he adds, If we call this Mendelism, we shall 
need to explain that it is not the Mendelism of Mendel himself, but original 
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Mendelhm^ plus (1) the assumption of gametic purity, (2) the assumption 
of factorial constancy, plus (3) the assumption of factorial multiplicity 
(Castle, ’14 a). 

Results from hackcross. Fi hybrid female (from E, variolarius $ 

X E. aervus (J) by pure E. rariolarius male. 18 males, photos 62-GC. 

This backcross was undertaken to obtain evidence as to whether the so- 
called male- and femalc-j)rodu(dng spermatozoa differ in their function in the 
transmission of the cKcliisively male character — the genital spot (Foot and 
Strobell, ’13 & ’14). \Vo shall briefly re-state this evidence lier(^ in order 
to show that the original results are du[)licated by the facts demonstrated in 
this paper as to the method of transmission of a second exclusively male 
character — the introinittent organ. 

First, the so-called male-producing spermatozoon can transmit the genital 
spot. This was proved by tho fact that the genital spot in the 18 males from 
this backcross is inherited much more strongly from the pure variolarins mule 
than from the Fi hybrid males, and therefore this variolarins character was 
transmitted directly from the male to its male offspring, and must, according 
to the hypothesis, have been transmitted by the male-producing spermatozoa 
This evidence is repeated in the case of the introinittent organ, for tho mean 
length of tho introinittent organ of these 18 males is 113*47 mm., while the 
mean length of the organ of the F^ generation is 124*42 mm. — the measure 
therefore of the influence of the pure variolarins male in reducing the length 
of tho introinittent organ ina}' be expressed as 10*95 mm. 

Second, this backcross demonstrated in the case of the genital spot that the 
servns character — the absence of spot — was transmitted by the so-caIl(*d 
female-))roducing spermatozoon ; and this evidence of the transmission of an 
exclusively male character by the female-producing spermatozoon is repeated 
ill the case of the introinittent organ, for tho length of the introinittent organ 
in these 18 males has been increased by the inheritance from servns. This i^ 
demonstrated by the fact that the mean length of tho intromitteiit organ of 
the 18 males from this backcross is 113’47 mm., while that of the organ 
of tlie G2 pure variolarins males is 96*70 mm. The two serrns characters— 
absence of spot, and increased length of introinittent organ — must liave been 
transmitted (according to the hypothesis) by the so-called female-prod iieing 
speimiatozoon of serims to the pure variohmits ? of the first cross, ihrougli 
which It was transmitted to her daugliter, the Fj ? of this backcross. 

The demonstration that the so-called sex-determining spermatozoa do noi 
differ functionally in the transmission of such an exclusively male elnracter 

* In making these deductions it is of course necessnr}' to accept, for tho sake of tho 
argument, the assumption of male- and female-producing spermatozoa, an assumption 
which we believe is still far from proved. 

LINN. JOURN. — ZOOLOGY, VOL. XXXII. 38^ 



474 


MISSES K. FOOT AND E. C. STROBELL ; 


as the genital spot would seem to justify a good deal of scepticism of the- 
sex-delermination theory which is based on the assumption of male- and 
female-producing spermatozoa. This scepticism is greatly strengthened by 
the further evidence that these so-called male- and female-producing sperma- 
tozoa do not differ functionally in the transmission of such an exclusively 
male sexual character as the introraittent organ itself. Further, it seems only 
logical to believe, if exclusively male sexual characters arc transmitted by 
both male- and female-producing spermatozoa, the same must bo true also- 
for the exclusively female sexual characters, for it is difficult to believe that 
the two sexes can have such fundamentally different modes of transmission. 

If we measure the amount of the mriolarius inheritance in this backcross, 
we find an astonishing agreement between the theoretical expectation and 
the actual result. The relative amount of variolarius to sevens in the 
offspring of this backcross is 3 to 1, and we should expect, therefore, 
the mean length of the intromittent organ of servus to be reduced by 
75 per cent, of the difference between the mean lengths in variolarius 
and serims. This difference is 69*71 mrn., 75 per cent, of this being 
52*28 mm. Deducting this from the mean length of the organ of servus 
(166*41 mm.) would leave 114*13 mm. as the mean length of the organ of 
the offspring from this backcross. The mean length is in fact 113*47 mm., 
tliis being only 0*66 mm. less than the calculated expectation. 

These results lose much of their significance in view' of the fact that only 
eighteen males were secured from this backcross, but the results are almost 
exactly repeated by a backcross with E. ictericus, in which 70 instead of 
18 males were raised 

The above method of computing the mean length of organ to be expected' 
ill the offspring from the tw'o species, by a simple measure of the relative 
part each species has contributed in the crossings, is of interest only because 
the calculated results seem to fit the facts, but it certainly can have no 
bearing on cases that show tho Meiidelian type of inheritance, nor whore 
simple unit characters are involved. Neitlier does it apply to the Fg genera- 
tion, for in each of the seven families the mean length is below an exact 
intermediate. 

Table 11 demonstrates that the intromittent organs from the offs])ring of 
this backcross fail to show a typical Meiidelian ratio, and as this is true also 
in the case of the genital spot, it is a further proof of the complete agreement 
in the results obtained from these two exclusively male characters. 

* The mean length of the intromittent organ of the ofispring from the variolarim^ictericui 
cross is also only a fraction of a millimetre less than the theoretical expectation, but in this 
cross the slightly stronger inheritance is irom the original male parent, while in the 
variolariuB^sermts cross ft is from the original female parent. In both crosses, however, the 
stronger inheritance is slightly on the side of the shorter type of intromittent organ. Our 
results from the variolarius-'ictericus cross will be published shortly. 
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Linkage^ 

To the cytologist, linkage of characters in inheritance is of special interest 
because it is claimed that it affonls the most trustworthy evidence that the 
factors determining linked characters are located in the same chroniosom(», 
and further it is claimed that this chromosome can be identified. AVilson has 
recently expressed this view clearly in his Ch’oonian Lecture (^14). After 
giving a brief summary of the work of Morgan and his pupils on linked 
characters in Drosophila^ he adds : — 

“This at once suggests that the units of each group (or corresponding 
things on which they depend) are borne by a particular chromosome which 
constitutes their common vehicle of transmission, and that to tliis i’act is due 
tlieir cohesion or linkage in heredity. Jonversely, the several groups are 
independent of one another, because of the independence of the chromosomt*s 
Avhich bear them.” (l^Jge .*U4.) 

If, as Wilson says, indej)ondonce in the transmission of characters is 
due to independence of the chromosomes which hear them, the evidence 
obtained from our cross-breeding experiments would indicate that the factors 
determining the transmission of (lie intromittent organ are not only not 
carried by a single j)air of chromosomes ; but on the above hypothesis 
it would seem difliculi to confine them to the 14 chromosomes, for among 
the 11)0 F 2 In'brids there are 09 dilFerent lengths of the intromittent 
organ, and if size-variations are due to multiple unit factors wliich are 
transmitted as independent units, these G9 variations would seem to demand 
an explanation from those who believe that unit factors ** are located in the 
chromosomes. Further, none of the>e G9 variations in the F 2 livbrids is 
consistently linked with any of the variations of the genital s])ot. We 
might reduce the number of inde])endent variations of the intromittent 
organ and the genital spot hy consigning most of them to the convenient 
class called “ non-inheritahle flucUiations ”, hut this rather arbitrary process 
must bo carried far, if the remaining “ unit factors ” are to be eonsiguctl 
to a single j)air of chromosomes. 

The “cross-over hypothesis which was offered to explain miexpectea 
results in the transmission of characters assumed to he carried by special 
chromosomes, might he used to excuse non-linkage in these extreme cases ; 
but we cannot believe that it would be adequate to convince the unprejudiced 
investigator that the factors determining quantitative variations in the 
intromittent organ and genital spot are carried and dij?fributed by the 
chromosomes. Even if we arbitrarily consign the determining factors to 
special positions in the chromosomes and dictate their subsequent method 
of division, it does not seem possible to adjust the facts with the view that 
linkage and non-linkage may liave their explanation in chromosome- 
distribution of the factors. ^ 


38 * 
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In our preliminary report of this work (Foot and Strohell, ’14 c) we 
discussed the non-liiikago of the genital spot and intromittcnt organ as 
follows ; — 

“ If factors which stand for a given character are carried by a definite 
chromosome or pair of chromosomes, and the inheritance of the character is 
due to a special distribution of the factors at mitosis, it would seem logical 
to expect that the factors of two characters showing a very special mode of 
distribution («. e., exclusively male characters) would be contained in the 
same chromosome, and that this would bo indicated by their being linked in 
the hybrids. We would expect the absence or pnwiice of the genital spot, 
distinctive of one species, to be associated in inheritance with the type of 
intromittent organ characteristic of the same species. Even if tlie extent 
to which a character appears is dependent upon hyjmthetical factors outside 
the chromosomes, we would expect these hypothetical factors to act equaliy 
on two characters which are so closely associated as to he contained in the same 
chromosome. We should expect the two characters never to he so entirely 
dissociated that we find, in the same individual, the absence of spot cliarac- 
teristic of one species, associated with the type of intromittent organ 
distinctive of the other species. Instances of such eomplote dissociation 

do, however, occur There are instances of association in the inheritance 

of the tw'o characters, the intromittent organ and genital spot, typical of one 
of the species occurring in the same Fg individual ; but exact classification of 
the full results shows that the two characters are transmitted quite in- 
dependently of each other. The intermediates, having a large range of 
variation, make it possible for many of them to appear to show the two 
characters in the association that would be in harmony with the chromo- 
some-hypothesis, hut an exact comparison shows two plus and two minus 
intermediates are quite as frequently associated as are a plus and a 
minus intermediate.” 

These facts arc demonstrated in the foregoing tables (3-9), in which the 
type of inheritance of the genital spot and the length of intromittent organ 
in each particular insect of the Fg generation are placed side by side. If wo 
examine this evidence in detail, we find that 19 of these 190 Fg males have a 
genital spot quite as strong as that of the pure £\ mriolarhis male, while 
only 3 of these 19 males have the E, variolarius length of intromittent organ 
(i. e.j between 85^ mm. and 106 mm.). 

This evidence of non-linkage is even more clearly shown in those insects 
which have inherited the servus character (absence of the genital spot). 
There are 74 of these insects, and onli/ 3 have a length of intromittent organ 
which can be classed with servm^ while on the other band 4 have a length of 
intromittent organ characteristic of variolanus. The remaining 67, which 
have the absence of genital spot characteristic of aervus^ have a mean length 
ot intromittent organ which shows a stronger influence from variolaritts. 

Tables 3 to 10 further demonstrate that while the inflnence of variolurius 
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is stronger than semis as regards the length of the intromittent organ, these 
relations are reversed in the case of the genital spot, and this is further 
demonstrated by those that are classed as intermediates, for of these more are 
minus than plus interinediates. It is therefore clear beyond question that these 
two exclusively male cliaraclors, the genital spot and the intromittent organ, 
are not linked in inheritance. These resnlls are certainly out of liarmony 
not only with the cliromosome-hypothesis of sex-determination, but with the 
rt'cent hypotheses of chromosome-distribution of unit factors. 

The evidence from the Fi generation is of less value, as we have only 
11 specimens show’ing the inheritance of the genital spot, and we were not 
aide to measure the length of intromittent organ of all tlie eleven, as one w.»s 
d<‘stroye(l in dissection. 

The r<*sults from the Fj generation are as follows: — 2 of tlie eleven 
Fi hybrids are like serrus in having no genital spot, and the remaining D are 
variable intermediates. The two that have the serrus inheritance (without a 
genital spot) have the following lengths of intromittent organ — 12(5 mm. and 
124 mm.; these lengths showing a stronger inheritance from variola rius ns 
to the intromittent organ, while both insects show an exclusively svrvns 
inheritances in the absiuice of the genital spot. 

The Fj hybrid that has the longest intromittent organ — 134 mm. (j)hoto 11) 
— has the strongest genital spot of all the eleven Fi hybrids, this again 
demonstrating a significant ab^emce of linkage in these two exclusively male 
cliaracters. 

The mean length of the intromittent organs of the 10 Fi hybrids is 
124‘!> mm., this demonstrating a stronger inheritance from variolaritis than 
from semis. The difference between the mean length of vuriolarius 
(06*70 mm.) and of servus (16t)*41 mm.) is l59’71 mm., and therefore an 
exact intermediate 1)etwcen these two means would lie 131'55 mm. — the 
measure tli<jrefore of the stronger rariolurius inheritance in these F^ hybrids 
may be expressed by 7*4(5 mm. 

It is un interesting fact that the intromittent organ not only of this 
Fi generation, but also of the F 2 generation, shows a stronger inheritance 
from variolarius than from serrus^ the measure of the greater variolarius 
influence bei!ig almost the. same for the two generations, t. e.^ 7*4(5 inm. in 
the case of the F| hybrids, and 7*13 m»ii, in the case of the Fj, hybrid's. 

While the intromittent. organ of these 190 males shows a stronger inheri- 
tance from the female original parent {variola ri us) ^ the reverse is (rue of the 
genital spot, for only 19 of these 190 males have a spot as strong as vario- 
lanuSj while 74 are like the male original part {serrus^ in liaving no s]>ot. 

It is not possible to make an accurate estimate of the influence of the 
two species on the type of genital spot classed as intermediate, hut there 
are certainly more minus than plus intermediates, this furtlier demonstrating 
that the genital spot shows a stronger inheritance from serms than^from 
vanolariiis* 
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The njsults from the backcross demonstrate again that the genital spot and 
the intromitfcent organ are not linked in inheritance (Table 11). Twelve of 
these eighteen specitnons have the E. variolarius spot on the genital segment, 
while only throe have a length of intromittent organ characteristic of 
variolarius* Six have a spot on the genital segment which is more or less 
reduced by the inheritance from E* servus, which has no genital si)ot. These 
six are therefore intermediate as to the genital spot, while there are fifteen 
intermediate in the length of the intromittent organ. 


Chromosomes* 

Our experiments with these hemiptera wore undertaken with the aim of 
testing some recent chromosome-theories of sex-determination by the 
trustworthy method of ex[)erimeatal cross-breeding. For this purpose we 
selected an exclusively male character — tho distinct dark spotwhicli is present 
on the genital segment of Evsvhistus variolarius and absent in Euchistus 
sermis^ for this character appeared to us \vell adapted to test the function of 
the so-called sex-chromosomes in the transmission of an exclusively male 
character. 

The results of these cross-breeding experiments and their bearing on the 
chromosome-theories of sex-determination have been discussed in earlier 
papers, Foot and Strobell, ^13 and '14 a & b. Jn the present paper wq 
will summarize the evidence in order to demonstrate that the results gained 
by the study of the transmission of the genital spot are in fact duplicui'nl 
in the case of the intromittent organ, and that therefore not only is tliw 
evidence gained through the study of the first greatly strengthened, hut 
the conclusions hearnig on chromosome-theories are fully sustained on 
every point. 

In the preliminary report of our results from the study of this second 
exclusivel}" male character we gave what appear to us very cogent reasons 
for claiming that this character should be classed as a primary sexual 
character. Both Morgan ('13) and Doncaster (’14a & ’146), in the case of the 
genital spot summarily dispose of our results and our claim that they have 
a valid hearing on tho chromosome sex-determination hypothesis, by simply 
classing the genital spot with secondary sexual cliaracters. Although there 
might be some ground for classing the genital spot with these characters, 
they are quite unlike in a most important feature, for a marked characteristic 
of the secondary sexual characters of authors is the fact that they can, 
almost without exception, be bred into the opposite sex. We do not believe 
that even these critics can thus dismiss the evidence obtained from a 
study of the transmission of the intromittent organ, although this evidence 
confirms in every detail the results demonstrated in the transmission of 
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tho genital spot. For convenience wo repeat the argument from our 
preliminary report. 

Both Morgan and Doncaster class the genital spot of variolanus with 
the secondary sexual characters of authors, and they therefore interpret our 
results as not having the bearing on the theories of sex-determination which 
we claim for them. Now our claim has been that the genital spot of vario- 
larius is an integral part of the male genital segment — the structure of the 
female genital segment being sucli that the spot could not be present in this 
segment without changing the form of the segment itself — and we have 
claimed that therefore a study of the transmission of the genital spot should 
give a trustworthy indication of the method of transmission of the entire 
genital segment. 

This claim, that the method of transmission of the genital spot should be 
an index of the method of transmission of the genital organs of the male, 
has been completely justified by further work on these hybrids. . . The 
genetic results from our study of the genital spot of variolarivs may be open 
to the criticism that as the spot is not directly connected with the act of 
reproduction ” it slioiild be classed with the secondary sexual characters ; 
but the intromittont organ is certainly free from such criticism and can be 
justly classed as a primary sexual character. In view of the fact that our 
results from the study of the transmission of the variolanus spot have been 
set aside on tho ground that the spot is a secondary sexual character, and 
tln^reforo has no bearing on the problem of the determination of sex, it is 
necessary first to establish the claim that the intromittent organ can be 
classed with the primary and not the secondary sexual characters. This 
apparently ought not to be difficult, but a difficulty does arise owing to the 
fact that recent authors who have discussed secondary sexual characters have 
avoided defining them, and have neglected to state wherein they are to be 
distinguished from the primary sexual characters. 

According to Darwin (^59) Hunter defines secondary sexual characlers as 
follows : — 

‘‘The term, secondary sexual characters, used by Hunter, applies to 
characters which are attached to one sex ; but are not directly connected 
with the act of reproduction/^ 

Darwin fStJ) adopts Hunter’s classification of primary and secondary 
sexual characters, but shows that even such an ap))arenily clear-cut defini- 
tion encounters difficulties. He says*: — “ With animals which have their 
sexes separated, the males necessarily differ from the females in their organs 
of reproduction ; and these afford the primary sen'iial characters. But the 
sexes often differ in what Hunter has called secondary sexual characters, 
which are not directly connected with the act of reproduction ; for instance, in 


• The italics are ours. 
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the male possessing certain organs of sense or locomotion, of which the 
female is quite destitute, or in having them more highly developed, in order 
that he may readily find or reach her; or again, in the male having special 
organs of prehension so as to hold her securely. Those latter organs of 
infinitely diversified kinds graduate into, and in some cases can hardly be 
distinguished from, those which arc commonly ranked as primary, such as 
the complex appendages at the apex of the abdomen in male insects. Unless 
indeed we confine tlie term primary^ to the reproductive glands, it is 
scarcely possible to decide, as far as the organs of prehension are conceined, 
which ought to l>e called primary and which secondary (p. 253). 

Morgan (M3) also appears to accept Hunter’s classification, for in liis 
rather full list of secondary sexual characters he includes none that are 

directly connected with the act of reproduction.’^ He opens his discussion 
of secondary sexual characters as follows : — 

“ Tlie Secondary Sexual Characters. 

“ 111 the most highly evolved stages in the evolution of sex a new kind of 
character makes its appearance. This is the Sicoiulari/ sea*ual character. In 
most cases such characters are more elaborate in the male, but occasionally 
in the female. They are the most astonishing thing that nature has done : 
brilliant colours, plumes, combs, wattles, and spurs, scent-glands (pleasant 
and unpleasant) ; red spots, yellow spots, green spots, topknots and tails, 
horns, lanterns for the dark, songs, bowlings, dances and tourneys — a medley 
of odds and ends’’ (p. 26). 

If we are to discard Hunter’s classification, because it is found difiicult to 
determine to which class some of the characters rightly belong, we should 
have to bo ilissatisfied with many classifications that are thoroughly well 
established. 

If we limit the term “ primary sexual characters” to the reproductive 
glands, it offers an escape from the difficulties in classifying the prehensile 
organs, as Darwin has pointed out; but it would seem that greater difficulties 
are met by refusing to jdacc the intromittent organ in the same group with 
the reproductive glands, and placing it in the group with characters so far 
reinaved from “ direct connection with the act of reproduction ”, as, for 
example, Morgan’s list of secondary sexual characters. The intromittent 
organ is not only “ directly connected with the act of reproduction ”, hut it 
is as much a part of the sex of the individual as the reproductive glands 
themselves. Any one of the characters in Morgan’s entire list of male 
secondary sexual characters could appear in the female without changing 
her sex; but the intromittent organ is as clearly indicative of the sex as are 
the reproductive glands tlieinselves. 

If a definite chromosome carries the factors for determining sex, and it 
therefore carries the factors for the reproductive glands, it would seem 
logical to suppose that the chromosome carrying the factors necessary for 
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the development of the male rej)roductive glands would also carry the 
factors necessary for the development of the intromitteni organ wliich, when 
present, is functionally a necessary adjunct of the glands, and as indicative 
of the sex as the reproductive glands themselves. If we cannot accept the 
mode of transmission of the iniromittent organ as an index of the mode of 
transmission of the reproductive glands, it would seem necessary to discard 
all structural features or other characters which are distinctive of the gonads 
of a given species, such as their distinction in size, form, colour, etc., and 
assume that these characters, associated with the gland, have a different 
mode of transmission I'roin the gland itself. 

This would prevent any experimcnhil test being applied to the chromosome- 
theories of sex-determination and leave free scope for the wildest eyiological 
speculations. If we should place the intromiltent organ in the group of 
secondary sexual characters, be<^aus(‘ it has certain features in common with 
these characters, wo ought logically to ])lace the rej)roductive glands them- 
selves in the same group. For exam])le, both these organs, in common with 
most of the secondary sexual characters, can be transmitted to the opposite 
sex — hermaphrodiles appearing in forms that are normally sexually distinct 
A case in point is Goodriell^s (’12) interesting and important discovery of a 
mule ainphioxus in which 49 of the gimads wore testes containing ripe 
s|)ermatozoa and one \va% an ovary containing ripe ova. It may l)e urged 
that the intromittent organ is a feecondary sexual character on the evidence 
that in the development of the embryo it appears much later than do the 
gonads — this indicating that the gonads are more fundamental and stable 
morphological entities. But there are facts opi)Osied to this interpretation — 
Smith (^10) found that when the spider crab is infected by the parasite 
sacculina, the testes can become so greatly metamorphosed that some of the 
cells may develop into ova and the same testis contain both ripe ova and 
sp<irmatozoa. 

Ft w'oiild setun that the division between j>rimary and secondary sexual 
characters, iji common with almost all attempts at classification, has the 
objection that the lino of demarcation is not, at all points, perfectly clear ; 
hut we believe, in spite of this, that w’e are justified in classing the intro- 
mitten t organ as a primary sexual character, and that the results from the 
study of the transmission of this organ may justly he claimovl as an index of 
the method of transmission of the reproductive glands themselves. 

In the case of the genital spot the bearing of our results on recent 
chromosome-theories has been fully discussed in our earlier papers. Wo believe 
we clearly demonstrated that the facts are entirely out of harmony with all 
those hypotheses which claim to offer an explanation of the transmission of 
characters by the assumption that factors essential to their transmission are 
carried and distributed by definite chromosomes. 
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We have briefly summarized these results in a recent paper (Foot and 
Strobell, ’14 a ) 5 and this summary M'ill serve equally well for the second 
exclusively male character — the intromittent organ. This can be demonstrated 
by quoting the sumniary and changing it only enough to include the intro- 
mittent organ with the genital spot, as follows : — 

First. Both the genital spot and the type of intromittent organ charac- 
teristic of each species can be inherited without the aid of the Y chromosome. 
This is proved by the fact that both are transmitted through the female, and 
the female does not possess the Y chromosome, as this chromosome is an 
exclusively male character. 

Second. Both the genital spot and the type of intromittent organ can be 
inherited without the aid of the X chromosome. This is proved by the fact 
(demonstrated by the backcross) that they are transmitted through the 
male and ex hypothesi the male-producing spermatozoon does not have an 
X chromosome*. 

We add, “In making these deductions it is, of course, necessary to accept, 
for the sake of the argument, the assumption of male- and female-producing 
spermatozoa, an assumption w^hich, we believe, is far from proved.^’ (See 
backcross p. 47/1.) 

xliird. The results show that if we assume that the factors necessary for 
the production of the genital spot and the intromittent organ are locatc<l in 
any of the ordinary chromosomes, they must be in at least both members of 
a pair of ordinary chromosomes, for the s[;ot is directly transmitted through 
both the male and the female. 

Fourth. The results show that, if we assume that the factors necessary 
for the production of the genital spot and the intromittent organ are carried 
by both members of a pair of chromosemes, we inufit assume that the female 
carries an inhibitor for the spot as well as for the intromittent organ, for 
neither is present in any of the females, though both are transmitted by the 
female, and therefoi*e the factors for both are present, though not expressed. 

Fifth. The results show that, although it is necessary to assume an 
inhibitor only in the fetmiles of the pure species, in the hybrids it becomes 
necessary to assume an’ inhibitor in the males also. 

In his recent criticism of our work, Morgan (’14) overlooks the fact that 
the Fi hybrid males have the spot more or less suppressed. In these males 
it is partly or wholly absent, and yet (like the females) they can directly 

* Morgan (’]4) seems to think that this point could have been made solely from the evi- 

dence of the Fj ratio. He says; ** It is unnecessary to repeat their argument; for if the 
factors were carried by the X chromosome only half the grandsons should show it, while, 
in fact, many more than half of^them show it.” We do not feel that this evidence would be 
conclusive, for it could be attacked by the assumption of an unequal death-rate— a con- 
venient assumption which has been used more than once to excuse contradictory evidence. 
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transmit the spot to their male offspring. Tt sterns only logical to believe 
that the causes, wliatever they are, which inhibit tlie spot in the females are 
also responsible for its total or partial suppression in the hybrid males, 
but the causes suggested by our critics to account for its suppression in the 
females obviously cannot apply to the male hybrids, Morgan (*J4), after 
admitting that the spot factors cannot be carried by the X or the Y chromo- 
some, adds : — “ We are concerned then only with a third possibility, viz. 
that there is something in the female condition itself that is inimical to the 
develo}»ment of the spot.^^ This something, he later explains, is the two 
X chromosomes. He says: — ^‘The chemical interaction between two X's 
and tlio rest of the cell is of such kind that it produces a female, and the 
female complex, as such, is inimical to the development of a spot.^’ 

To the defenders of the chromosome-hypotheses, this may seem a plausible 
explanation of the suppression of the spot in the females which have these 
two X chromosomes, but it leaves unexplained the fact that the spot in 
the Fj males is either wholly or partly suppressed, and these males have 
only one X cliromo>ome, while two X chromosomes are held responsible 
for the su])pre^8ion of the spot in the females. 

The facts forced us to assume some sort of hypothetical inhibiting factors 
for the spot, not only for the females but for the Fi male hybrids as well, 
und this is eijually necessary for the case of the intromittent organ, since it 
is not only wholly inhibited in the females, but the length of organ strictly 
•characteristic of either of the pure species is more or less inhibited in the 
Fi hybrids. Further, the intromittent organ is like the spot in reaj>pearing 
in the next generation in the length typical of the two parent species, 
proving this to have been latent in both the females and the Fj males — it> 
full expression being inhibited by unknown factors. 

The ract,> show, in the case of the genital spot, and we may now 
add in the case of the intromittent organ as well, that if we attempt to place 
this inliibitor in detinitc chromosomes, we meet wdth as serious difficulties as 
those involved in assuming that the factors essential for the production of 
the genital spot are carried by special chromosomes. In our preliminary 
rej>ort of the.>e experiments (’13), we discussed in full the evident results of 
placing this inhibitor in A^arioiis chromosomes — in the X chromosomes, in 
one of the ordinary chromosomes, or in a pair of chromosomes ; and we 
found that none of these assumptions would accord witli the faeds. ‘‘ The 
facts force us to regard these inhibitors as hypothetical forces which cannot 
logically be oonfine<l to the chromosomes, and are located we know not 
where — these hypothetical inhibitors practically doing work that has been 
assigned to definite chromosomes.” 

If the chromosome-hypotheses have a foundation in fact, it would seem 
only logical to expect that in these insects the Y chromosome should carry 
the factors for exclusively male characters, for it is the only one of the 
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14 cliromopoincs that is never present in the female, and is present in alt 
the so-called male-producing spermatozoa, while each of the 13 autosoines 
(according to their acce})ted mode of division) can bo present in half the 
male-producing and half the female-producing spermatozoa, and therefore in 
both half the males and half the females. 

Even the defenders of the chromosome sex-determination hypothesis reject 
this Y chromosome as the carrier of factors essential for the determination 
of sex, for the very cogent reason that in so many forms no Y chromosome 
is present. Morgan (’ll) concludes that “the factors for producing the 
male must be located in some other chromosome.” 

As the Y chromosome is thus rejected as a sex-determiner, it would seem 
that those who hold that factors essential for the development of definite 
characters are carried by definite chromosomes are forced to assign to the 
^ ohroinosome (in forms in which it is present) the function of carrying 
factors essential for the development of characters exclusively male, since^ 
as stated above, it is the o)ili/ chromosme that is alu\ii/s pr<*sent in the male 
and absent in the female. We have shown, howeven*, that such exclusively 
male characters as the genital spot and the introinittent organ can he 
inherited without the Y chromosome, and this eerlainly challenges such an 
interpretation, and leads us to respectfully ask the advocates of the chromo- 
some-hy[)otheses what characters they w'ould assign to it. 

An ifigenious apology for the obvious shortcomings of the s^'X-chromosome 
hypothesis has been recently made by C. B. Bridges, ^13 (one of Morgan’s 
pupils). It is offered as an explanation of occasional slips in linkage. 
Bridges found in Drosophila ampelophila that two sex-linked characters 
(red eye and white eye) failed to show linkage in 5 per cent, of the cases 
(Wilson, ’14, stales that these exceptions are “ about 10 per cent.”). 

To the class of cytologists to which Bridges belongs, “sex-linked 
characters ” arc in reality XMnked^ and therefore, for example, it is 
theoretically impossible for a male to transmit directly to his male offspring 
a character that is assumed to be carried by the X chromosome — the 
chromosome that is absent from the male-producing spermatozoon. In 
order then io explain away these embarrassing slips in linkage, Bridges has 
submitted the following ingenious explanation, which is based on the 
admission that the X chromsomes do not move during maturation with that 
military precision heretofore demanded by the theories. He now suggests 
each may show an equal amount of erratic movement — the one destined for 
the polar body may remain in the egg, and the one destined to remain in 
go with its mate to the polar body ; and thus three kinds of 
ripe eggs are possible —the first with the usual one X, the second with no X 
at all, and the third with two X’s. This erratic behaviour of the X chromo- 
somes can be made to account for many disappointments in expected results,. 
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tind incidentally it relieves the so-called male- and feinale-j)roducing 
spermatozoa as such from the responsibility of deciding the sex, and places it 
squarely with the egg, for from a so-called male-producing spermatozoon 
a female can develop if this spermatozoon fertilizes an egg in which both 
X chromosomes have remained, .and again from a so-called female-producing 
spermatozoon a male can develop if this spermatozoon fertilizes an egg 
which has no X chromosome.* 

Ft is naturally inemnbent upon the cytologist who makes assumptions so 
iie<^essary for the defence of a ttieory to find some cytological proof of them, 
and Wilson (’14) has made the interesting announcement that “very recently 
Bridges has tested his assumption cytologically And he adds, “The 
■cytological examination has demonstrated th.it certain females of this race 
actually posse‘>!s three of these chromosomes.’’ 

Wilson seems to regard this evidence as quite conclusive proof of Bridges’ 
assumptions and <leductions. Those of us, however, who have no such 
sublime faith in the caus.nl nature of the chromosomes are inclined to suspect 
that if Bridges had searched with equal .ardour for an extra X chromosome 
in the male cells, he might have found these cells also equipped with an oxtni 
X chromosome, as in fact we found to he the case in the spermatogonia cf 
tristis (Foot and Strohell, ’07). Tn spite of our demonstrating this 
second X chromosome by photomicrographs, the reality of its presence has 
been ([uestionod by advocates of the chromosome- theories, for it is obviously 
an emhanassing factor to the sex-determination hypothesis. 

Further study of the chromosomes of the Hemij)tera led us to make the 
following statement which seems to us to have some hearing on Bridges’ 
recent discovery; — “A careful examination of our preparations makes it 
possible to select chromosome-groups which exactly tit a given theory, but 
many groups can also ho found that are a serious menace to these theories, 
while, on the other hand, they present no difficnltios to the conce|)tion of 
those who regard the number, size, and form of the chromosomes as inherited 
oharacters — the expression of cell-activities rather than the cause.” 

In our preliminary report (Foot and Strohell, ’14 c, pp. 228-31) we showed 
by an analysis of the chromosomes, based on the hypotheses as to their 
method of division, that the testis itself can have no closer rtdation to the 
so-called sex-determining chromosomes than we have shown to be the case 

• Bridges’ asaimiptions, when applied to those forms which have a Y cliroujosome. 
would seem to relieve this chromosome of any sex-limited function, althongJi in the.'.e 
apecies it is just as distinctive of the male cells as are the two X chromosomes of the female 
<sells. According to Bridges’ hypothesis, some males may he without the Y chromosome, 
while some females have it. The admission that such marked structural changes in the 
male and female chromosome groups can occur in individuals is in harmony with the belief 
tliat the chromosomes, like other structures in the cell, are the expression rather than the 
cause of cell activities. 
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for the other two exclusively male characters — the genital spot and the- 
intromitfcent organ. These three exclusively male characters — the genital 
spot, the intromittent organ, and the testis — can therefore, according to the 
hypothesis, be transmitted by the female-producing spermatozoon as well as 
by the male-producing spermatozoon. 

Tho defenders of the chromosome-hypothesis of sex-determination would 
have us ignore these facts. Morgan (’14) says : — To assume that all tho 
factors for characters that are shown by the male or by the female must be 
carried by a sex-chromosome of some hind^ if carried at all by chromosomes^ 
is a travesty of the point of view of those who hold to the chromosome- 
hypothesis as a reasonable working hypothesis to account for Mendelian 
inheritance.” This sounds like an effort to evade the force of the real facts. 
It should be added that two of these characters (the intromittent organ 
and the testis) are so exclusively male that without them the insect would 
not be a male, and to present these facts and the conclusions which they 
logically involve can scarcely be called ‘‘ a travesty ” of the hypothesis 
that asserts that factors determining sex are carried and distributed by 
“ seic^chromosonies,^^ Rather it is a serious and pcjrfectly logical challenge 
of some recent extreme views as to the function of the chromosomes in» 
heredity. 

Oxford, March 1915* 
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EXPLANATION OF THE PLATES. 

All the preparations were photographed at exactly the same magnification (20 dia- 
meters), and the photograph of each intromittent organ was carefully measured with 
a small pair of architect’s dividers, fitted with number nine needle-points, and set at 
2 mm. The dividers were frequently tested by measuring a line of a definite length. 
The measurements were made on matte prints, so that each division of 20 mm. could be 
identified by a pencil -mark and numbered. Measurement of tlie longer and more closely 
coiled organs was facilitated by dotting the first coil with red ink, the second coil with blue 
ink, and leaving the third coil black. In this way the longest coil could then be measured 
with as much accuracy as the shortest. The measurements were made from the distal end 
of the intromittent organ to the point where the thick part of the coil enters the gland. At 
this point the coil is easily dissected ofi (e. </., photos 12 & 13), but even in those cases 
where part of the canal within the gland has been preserved (c. g.y photo 1) the point from 
which the measurement was taken is easily determined, for the part within the gland is 
transparent and quickly tapers to a very fine canal. 

The intromittent organs of photos 1 to 06 are from the same insects which were 
photographed in an earlier paper and published in this same volume of the Joum. Linn. 
Soc., Zool. (see Plates 28 to 34). 

In order to demonstrate whether these two exclusively male characters — the genital 
spot and the intromittent organ — are linked in inheritance, we have placed the intromittent 
organs of photos 1 to 66 in exactly the same order in which the photographs of the hugs 
themselves were placed on the plates of the above-mentioned paper — each photograph in the 
two sets of illustrations exactly correttpondinyf and thus admitting an accurate comparison 
of the genital spot and tlie intromittent oi^an of each individual bug of tbe entire series. 

The photographs are reproduced by the half-tone method. Frequently it does not 
accurately reproduce the distal end of the intromittent organs, which always ternnnate in a 
clean-cut oblique angle : this is sometimes obscured by the dotted effect of the half-tone 
method, giving the ap^iearance of a broken, jagged end. In some cases the reproducers 
have attempted to correct this by retouching ; but this has not always been successful. 


Plate 41. 

( Cf, Plate 28 of this volume.) 

Photo 1. Intromittent organs from the two hugs of photo 1, plate 28. On the left 
varioJariuft, and on the right JE, aerviis. Length of intromittent organ of 
variolarius 95 mm., of E, serous 107 mm. 

Photo 2, Intromittent organs from the seven E, variolarius of photo 2, plate 28. These 
insects were raised in our laboratory during the summer of 1912. The parent 
bugs were raised in our laboratory during the subimer of 1911, and were 
kept in captivity during the winter of 1911-12, Lengths of the intromittent 
organs of the seven bugs ii^re as follows: — 1st (upper), 96 mm. 2nd, 101 mm. 
8rd, 96 mm. 4th, 93 mm. 5th, 90 mm. 6th, 96 mm. 7th, 92 mm. 

Photo 8 . Intromittent organs from the five E, serous of photo 3, plate 28. The bugs 
were collected in North Carolina in the fall of 1912. Lengths of the intro- 
mittent organs:— Ist (upper), 164i mm. 2nd, 164^ mm. 3rd, 176J mni. 
4tii, 166 mm. 5th, 170 mm. 

Photo 4, Intromittent organ of the wild E, serous of photo 4, plate 28. This male 
fertilized the E. variolanus female used for our cross-breeding expeiiments. 
Length of intromittent organ, 186 mm. 
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Photo 6. Introinittent organs of the five B. set*vu$ that were caged during the winter of 
1911-12 with three E, variolanus females^ one of which was used for our 
cross-breeding experiments. (The last three of these five males aie shown 
in photo 5, plate 28.) Lengths of the introinittent organs : -Ist (upper), 
161 mm. 2nd, 162 mm. fird, 166 mm. 4th, 146 mm. 6th, 169 mm. 

Photo 0. Intromittent organs from two E. mHolarius, These males were raised from the 
same deposition of eggs from which we raised the females for our cross- 
breeding experiments. Only one of these mules (the 2nd) is shown in photo 6, 
plate 28. Lengths of the introinittent organs:— Ist (upper), 104 mm. 2 ikI, 
94 mm. 

Photo 7. Intromittent organs from the two F, hybrids of photo 7, plate 28. Lengths of 
the intromittent organs : — 1st (upper), 126 mm. 2nd, 124 mm. 

Photo 8. Intromittent organa from the two Fi hybrids of photo 8, plate 28. Lengths of 
the intromittent organs:— Jst (upper), 126 mm. 2nd, 124 mm. 

IHjoto 9. Intromittent organ from the one Fi hybrid that was preserved as a pinned 
specimen. This is the only intromittent organ that cannot be compared with 
a photograph of the insect from which it was dissected. The intromittent 
organ of the insect of photo 9, plate 28, was broken in dissection, and we 
therefore replaced it with this organ from the dried specimen. Length, 
126 mm. 

Photo 10. Intromittent organ of the Fi hybrid uf photo 10, plate 28.* Length of inlro- 
iiiittent organ, 109 mm. (This includes 3 mm. for the extreme dUtal end that 
was broken o!!* in dissection and not preserved.) This hybrid is the male 
\ arent of the Fu hybrids of plate 31. 

Photo 11, Intnmiittant organ of the Fi hybrid of photo 11, plate 28. Length of 
intromittout organ, 134 mm. 

This hybrid is the male parent of the F^ hybrids of photos 15 and 16, 
plate 28. 

Photo 12. Intromittent organ of the Fi hybrid of photo 12, plate 28. Length of iutro- 
mittent organ, 132 mm. 

This hybrid is the male parent of the F^ hybrids of photos 42 to 48, 
plate 32. 

Photo 13. Intromittent organ of the Fi hybrid of photo 13, plate 28. J.,engtli of 
intromittent organ, 122 mm. 

This male fertilized the two 1*\ females of the 6th and 7th pairs of F, 
hybrids, and is therefore the male parent of the Fa hybrids of photos 49 
to 67, plates 32 & 3«3. 

Photo 14. Intromittent organ of the Fi hybrid of photo 14, plate 28. I^uigth tf 
intromittent organ, 126 mm. 

This hybrid is the male parent of the Fa hybrids of photos 26 to 32, 
plate 30. 

Photos 16 & 16. Intromittent organs from the four Fa males from the fifth pair of Fi 
hybrids. 

Photo 16. Intromittent organs of the three Fa hybrids of photo 16, plate 28. 
Length of intromittent organs: — Ist (upper), 108 mm. 2nd, 107{ mm. 
3rd, 147 mm. 

Photo 16. Intromittent organ of the Fa hybrid of photo 16, plate 28. Length 
of intromittent organ, 135 mm. (See photo 11 for the iutromitteiit organ 
of the male parent of the four Fa hybrids of photos 16 and 16.) 
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Plate 42. 

{Cf. Plate 29 of this volume.) 

The introniitlent organs from 43 Fa males from the first pair of Fi hybrids. 

The male parent of these hybrids is shown in photo 9, plate but we did 
not succeed in preserving its intromittent organ (see photo 0). 

Photo 17. Intromittent organs from the five Fa hybnds of photo 17, plate 29. Lengths 
of intromittent organs: — Ist (upper), ^ mm. 2nd, 146 mm. 3rd, 130 mm. 
4th, 13C mm. 5th, 150 mm. 

Photo 18. Intromittent organs from the five F^ hybrids of photo 18, plate 29. Lengths of 
intromittent organs: — Ist (upper), 112^ mm. 2nd, 128 mm. 3rd, 122 mm. 
4tb, 137 mm. 5th, 148 mm. 

Photo 19, Intromittent organs of the four Fa hybrids of photo 19, plate 29. Lengths of 
intromittent organs: — 1st (upper), 114 mm. 2nd, 129 mm. 3rd, 139^' mm. 
4th, 144 mm. 

Photo 20. Intromittent organs of the three Fa hybrids of photo 20, plate 29. Lengths of 
intromittent organs : — 1st (upper), 130 mm. 2nd, 120 mm. 8rd, 98 mm. 

Photo 21. Intromittent oigans of the six Fa hybrids of photo 21, plate 29. Lengths 
of intromittent organs : — Ist (upper), 124 mm. 2nd, 152 mm. 3rd, 133 mm. 
4th, 122 mm. 5th, 136 mm. Cth, 97 mm. 

Photo 22. Intromittent organs of the five F, hybrids of photo 22, plate 29. Lengths of 
intromittent organs:— 1st (upper), 136 mm. 2nd, 146 mm. 3rd, 124 mm. 
4th, 128^ mm. 5th, 130 mm. 

Photo 23. Intromittent organs of the four Fj hybrids of photo 23, plate 29. Lengths of 
intromittent organs :— 1st (upper), 98 mm. 2nd, 120 mm. 3rd, 104 mm. 
4th, 122 mm. 

Photo 24. Intromittent organs of the three hybrids of photo 24, plate 29. Lengths 
of intromittent organs : —1st (upper), J 00 mm. 2nd, 114 mni. 3rd, 1 32| mm. 

Photo 25. Intromittent organs uf the eight F^ hybrids of photo 25, plate 29. Lengths of 
intromittent organs: — Ist (upper), il4| mm. 2nd, 123 mm. 3rd, 100 mm. 
4th. 108 mm. 5th, 93 mm. 6th, 132 mm. 7th, 85^ mm. 8th, 140 mm. 

Plate 43, 

(Cy. Plate 30 of this volume.) 

Intromittent organs from 30 F^^ males, from the second pair of F^ hybrids. 

The male parent of these hybrids is shown in photo 14, plate 28; and its intro- 
mittent organ in photo 14, Plate 41. 

Photo 26. Intromittent organs from the five bugs of photo 26, plate 30. Lengths of 
intromittent organs: — Ist (upper), 115^ mm. 2nd, 100 mm. 3rd, 116 mm. 
4th, 118 mm. 5th, 118 mm. 

Photo 27. Intromittent organs from the four bugs of photo 27, plate 30. Lengths of 
intromittent organs : — Ist (upper), 99 mm. (this includes 3 mm. for the 
extreme distal end that was broken off in dissection and not preserved). 2nd, 
180 mm. 8rd, 180 mm, 4tb, 130 mm. 

Photo 28. Intromittent organs from the six bugs of photo 28, plate 80. Lengths of 
intromittent organs :— 1st (upper), 90 mm, 2ad, 142 mm. drd, 124 mm, 
4th, 181 mm, 5th, 121 mm. 6th, 127^ mm. 

Photo 29. Intromittent, organs from the five bugs of photo 29, piate 30. Lengths of 
intromittent organs:— Ist (upper), 124 mm. 2nd, 128 mm, 3rd, 125 mm. 
4th, 126 mm. 5th, 126 mm. 
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Photo 30. Intromittent organs from the four bugs of photo 30, plate 30. Lengths of 
intromittent organs; — Ist (upper), 130 mm. 2nd, 134'J mm. 3rd, lloj mm. 
4th, 133 mm. (this includes 3 mm. for the extreme distal tMid that ^vas brolven 
off in dissection and not preserved). 

Photo 31. Intromittent organs from the three bugs of photo* 31, plate 30. Lengths 

of intromittent organs : — 1st (upi)er), 114 nini. 2nd, 1 14 mm. 3rd, 99.i mm. 

Photo 32. Intromittent organa from the three bugs of photo 32, plate 30. Lengths 

of intromittent organs; — 1st (upper), I llA mm. 2ud, 122 mm. 3rd, 127 rimi. 

Platk 44 . 

{ Vf. Plate 31 of this volume.) 

Intromittent organs from 48 Fj males from the third pair of Jiybrids. 

The male parent of these liybrids is shown in photo 10, plate 2?, and its intro- 
niitieiit organ in photo 10, Plate 41 . 

Photo 33. Intiomittent organs from the six bugs of photo 33, plate 31. Lengths t»f 
intromittent organs; — 1st (upper), 1171 mm. 2nd, 124 iniii. 3rd, IKJA iniii. 
4th, 144 mill. 5th, 123^ mm. 6th, 130 mm. 

] * 110 X 0 34. Intromittent organs from the eight bugs of photo 31, plate 31. Lengths of 
intromittent organs: — 1st (upper), 128 mm. 2nd, 131 mm. 3rd, 140 mm. 
4th, 130 mm. 6th, 140 mm. 0th, 121 niro. 7th, 123 mm. 8th, 147 mm. 

Photo 36. Intromittent organs from the five bugs of plioto »36, plate 31. T-engths 
of intromittent organs ; — 1st (upper), 104 mm. 2nd, 115 mm. 3rd, 126 nun. 
4th, 134 mm. fith, I34J mm. 

Photo 36. Intromittent organs from the seien bugs of photo 36, plate 31. Lengtlis of 
intromittent organs 1st (upper), 114 mm. 2ud, 127^ mm. 3rd, 127^ mm. 
4tb, 124 mm. 6th, 142 mm. 6th, 120 mm. 7th, 127J mm. 

Photo 37. Intromittent organs from the three biig.s of photo 37, plate 31. Lengths of 
intromittent organs; — 1st (upper), 322^ inm. 2nd, 122^ mm. 3rd, 126 mm. 

Photo 38. Intromittent organs from the five bugs of photo 38, plate 31. Lengths of 
intromittent organs 1st (upper), 112 mm. 2ncl, 120 mm. 3rd, 126 min. 
4th, 139^ mm. 6tli, 140 mm. 

Photo 39. Intromittent organs from the four bugs of photo 39, ]»lnte 31. J^mgths of 
intromittent organs; — 1st (upper), 137 mm. 2ud, 134^ mm. 3i*d, 140 mni. 
4th, 124 mm. 

Photo 40. Intromittent organs from the seven bugs of photo 40, plate 31. Lengths of 
intromittent organs:— 1st (upper), 114^ mm. 2nd, 117 min. 3rd, 122 mni. 
4th, 136| mm. 6th, 126 mm. 6th. 126^ mm. 7th, 120 mm. 

Photo 41. Intromittent organs from the three bugs of photo 41, plate 31. Lengths of 
intromittent organs ; — Ist (upper), 116 J mm. 2nd, 1 32 mm. 3rd, 12(> mm. 

Plate 46 . 

( Of, Plate 32 of this volume.) 

Photos 42-48. Intromittent organs from the 27 P.^ males from the fourth jiair of 1<\ 
hybrids. The male parent of these hybrids is shown in photo 12, plate 28, 
and its intromittent organ in photo 12, Plate 41 . 

Photo 42. Intromittent organs from the four bugs of photo 42, plate 32. J.eiigths 
of intromittent organs Ist (upper), 142 mm. 2nd, 130 mm. 3rd, 130^, mm. 
4th| 136 mm. ^ 
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Photo 48. Intromittent orga-ns from the seven hugs of photo 48, plate 82. Lengths 
of iiitromittent organs : — Ist (upper), 1 1 8 J mm. 2ud, 182 mm. 3rd, 140 mm. 
4th, 183 mm. 5tl], 127 mm. 6tli, 138 mm. 7th, 141^ mm. 

Photo 44. Intromittent organs from the two bugs of photo 44, plate 32. Lengths 
of intromittent organs :-«~let (upper), 115 mm. 2nd, 127 mm. 

Photo 45. Intromittent organs frtm the three bugs of photo 45, plate 32. 
Lengths of intromittent organs: — Ist (upper), 128 lum. 2nd, 136 mm. 3rd, 
137 mm. 

Photo 46. Intromittent organs from the six bugs of photo 46, plate 82. Lengths 
of intromittent organs : — let (upper), 116j mm. 2nd, 128 mm. 3rd, 122 mm. 
4th, 120 mm. 6th, 186 mm. 6th, 127 mm. 

Photo 47. Intromittent organs from the four bugs of photo 47, plate 82. Lengths 
of intromittent organs 1st (upper), 119J mm. 2nd, 110 mm. 8rd, 142 mm. 
4th, 121 mm. 

Photo 48. Intromittent organ from the male of photo 48, plate 32. Length of 
intromittent organ, 110 mm. 

Photos 49 & 50. Inti'omittent oigans from the six males from the sixth pair of Fj 
hybiids. The male parent of these hvbrids is shown in photo 18, plate 28, 
and its intromittent organ in photo 18, Plate 41. 

Photo 49. Intromittent organs from the two bugs of photo 49, plate 82. 

Lengths of intromittent organs: — ^Ist (upper), 113^ mm. 2ud, 129^ mm. 
Photo 50. Intromittent organs from the four bugs of photo 60, plate 32. 
Lengths of intronditent organs 1st (upper), 128 mm. 2nd, 128 mm. 8rd, 
125 mm. 4th, 184 mm. 

Plair 46. 

(Cf. Plate 33 of this volume.) 

Intromittent organs from 32 Pa males from the seventh pair of P\ hybrids. 

The male parent of these hybrids is shown in photo 13, plate 28, and its intro- 
mitteut organ in photo 13, Plate 41. 

Photo 51. Intromittent organs from the nine bugs of photo 51, plate 33. Lengths of 
iiitromitteut organs:— 1st (upper), 110 mm. 2nd, 120 mm. 3rd, 131 mm. 
4th, 119 mm. 5th, 136| mm. 6tb, 121 j mm. 7th, 188 mm. 8th, 116 mm. 
9th, 122 mm. 

Photo 52. Intromittent organs from the six bugs of photo 52, plate 83. Lengths of 
intromittent organs:— 1st (upper), 127 mm. 2nd, 123J mm. 3rd, 112 mm. 
4th, 128 mm. 5ih, 120 mm. 6th, 130 mm. 

Photo 58. Intromittent organs from the four bugs of photo 53, plate 88. Lengths of 
intromittent organs:— 1st (upper), 115^ mm. 2nd, 112 mm. 3rd, 116 mm. 
4th, 148j inm. 

Photo 54. Intromittent organs from the four bugs of photo 54, plate 83. Lengths of 
intromittent organs: —Ist (upper), 180 mm. 2nd, 120 mm. 8rd, mm. 
4tb, 112min. 

Photo 55. Intromittent organs from the four bugs of photo 55, plate 33. Lengths of 
intromittent organs.— 1st (upper), 116i mm. 2nd, 118 mm. 3rd, 118 mui. 
4th, 131 mm. 

Photo 50. Intromittent organs from the three bugs of photo 56, plate 38. Lengtibs of 
intromitt6ni;x)TgAns :^lst (upper), 112| mm. 2iid, 119 mm. 3rd, ISQf mm. 
Photo 57. Intromittent organs from the two bugs of photo 57, plate 33. Lengths of 
iiitr. mittent orgajts —1st (upper), 106J mm. 2nd, 120 mm. 
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Plate 47 . 

{Cf, Plate 34 of thi» volume.) 

Photo 68. The introraittcnt orjraii from the pure ranolanm of photo 58, plate 34. 

length of iutromittent organ, 94 min. This pure variolarim male was raised 
in the laboratory in 1912, and the same season fertilized both a pure female 
variolarius and an Fi hybrid female. 

Photos 59-01. Intromittent organs of 10 males from the above-mentioned pair of pure 
vaHolatiue, 

Photo 59. Intromittent organ of the male of photo 59, plate 34. Length of 
intromittent organ, 94 mm. 

Photo 60. Intromittent organs of the three males of photo 60, plate 34, 
Lengths of intromittent organs: — Ist (upper), 98 mm. 2nd, 100 ram. 
3rd, 94 mm. 

Photo 61 . Intromittent organs of the six males of photo 61 , plate 34. Lengths of 
intromittent organa: — 1st (upper), 100 mm. 2nd, 100 mm. 3rd, 100 mm. 
4th, 95| mm. 5th, 102 mm. 0th, 98 mm. 

Photos 02-60. Intromittent organs of 18 males from tlie above-mentioned back<T 0 S 8 
(Fj hybrid 5 X pure variolar im cJ ). 

Photo 62. Intromittent organs from the four males of Photo 02, plate 34. 
Length.^ of intromittent organs: — Ist (upper), 112J mm*. 2nd, 105 mm. 
3rd, 12^^ mm. 4th, 117 mm. 

Photo 63. Intromittent organs from the four males of photo 63, plate 34. 
Lengths of intromittent organs:— Ist (upper), 110^ nun. 2nd, 110 mm. 
3r(i, 106 mm. 4tb, 107 mm. 

Photo 64. Intromittent organs from the six males of photo 64, plate 34, 
Lengths of intromittent organs: — let (upper), 116 mm. 2nd, 112J mm. 
3rd, 122^ mm. 4th, 102 mm. 5th, 110 mm. 6th, 118 mm. 

Photo 05. intromittent organ from the male of photo 65, plate 34. Length of 
intromittent organ, 11 3^ mm. 

Photo 66 . Iniromittont organs fiom the three males of photo 66 , plate 34. 
Lengths of intromittent organs: — 1st (upper), 114^ mm, 2nd, II 63 mm. 
3rd, 100^ mm. 
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On a Collection of Thysanoptera from the West Indies, with Descriptions 
of new Genera and Species. By Richard S. Bagnall, F.L.S. 

(Platks 48 & 49 ; and 2 Text-iigfures.) 

[Read 19th November, 1914.J 

Some recent small collections of Thysanoptera from the West Indies have 
proved highly interesting, producing such noteworthy forms as CorynotlmpF^ 
Williams, and Dinurothrips^ Hood, the former described from St. Vincent 
and the latter from Porto llico. 

This present paper deals with a collection made by the Government 
Entomologist, Mr. Urich, in Trinidad, and though the species are few, yet 
they are of very considerable interest. Out of eleven species but six 
represent previously known forms, and of those FranJcliniella melaiwmmaia 
has but recently been described (Dec. 1913) by Williams, whilst the Neo- 
tropical forms JJicaiothrips lacicollis, Bagn., 1). hrecivorhis^ > R^d 

Kupathithrips silvestrii (BufFa) are not well known. All the new forms 
are striking species, and I have found it necessary to erect three new 
genera — Sednlothrips (to which we must also refer Ilood^s Folyommatoihrips 
%'>igilans)^ Craniothrips^ and Chirothripoides, The latter is erected for an 
anomalous and peculiar form, the type of a new division of the Tubulifera ; 
and, having now studied five species of Eupathithrips and the allied genus 
Sedulothrips^ I have considered it expedient to form a division for their 
reception. The compressed and subcariimte dorsum of the head, the large 
finely-facetted eyes, almost contiguous in front, the subventrally or ventrally 
seated anteniiic, and the long mouth cone are typical of this group ; whilst 
the form of antennae and the long sense-cones are also pecnliar, the latter 
originally suggesting the generic name Eu 2 >atliithrips, In describing 
Polyommatothrips vigilans from Panama, Hood* lias pointed out that 
the strongly emarginale fore-margin of the prothorax enables the head 
to be moved back to an angle of about 45 degrees. The antenna* are 
inserted on the ventral surface and must be carried in life at almost 
right angles to the head — hence the necessity of the abnormal moving hack 
of the head. Mr. J. D. Hood has very generously forwarded me his unique 
cJ and 9 types of this interesting insect for examination and comparison 
with my Trinidad example, which is a very closely allied species. I have 
thus had an opportunity of studying all the known species of this group, 
and append a few further remarks upon Evpathithips dentipes, A\liich 
still rests upon the type-specimen collected by Mr. Champion. I should 

* * Psych©,* x.\., August 1913, p. 128. 
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mention that the Bromeliaceous species, Evpathifhrips affinis^ was collected 
l)v Mr, Hugh Scott, to whom I am indebted for the single specimen, and 
I trust that renewed search in its apparently specialised habitat will result in 
the discovery of more examples. 

In raising the Evpathithrips group and ChirotJiripoides each to family rank, 
I do so reluctantly and provisionally ; that they are shar{)ly separated from 
the heterogeneous Phlwot1iripidn> (s. 1.) is evident, but it will only be after the 
examination of a great deal moie material and a close analysis of our known 
forms that we can hope to put the Tiibilifera upon a sound working basis. 
Meantime, by recognizing and setting aside these well-defined groups, 
we, by elimination, make work upon the residue a little more easy. 

As a mark of gratitude and esteem.* I have pleasure in naming Py^aniothrijfs 
uriclii in Mr. Uricirs honour. 


Suborder TEREBUANTIA. 

Family iEoLOTHRiriDiE. 

Subfamily jEolothripik.!!:. 

Genus Mitothrips, Tryhom^ 1912. 

Near yEolothrips and allies, and readily distinguished by the extra- 
ordinarily long and slender antennas caused by the elongation of joints 3 
and 4, which are apparently without sensoria or sense-areas of any kind. 
Fore-w’ings without cross-veins, broadened distally. 

Eyes larger, ocelli noruml. Antennee at least G times as long as the head, 
joints 2-4 light; 4 longer than 8, and 5-9 together only 0'2 the length 

of a and 4 together Mitothripf meffalopSf Tiy bom. 

E}es smaller, front ocellus smaller than others. Antennse about 8*5 times as long 
ns head, joints 1-4 light; 4 shorter than 3, and 5-9 together more than one- 
half (0'57) the length of 3 and 4 together MUothrips petulansy sp. n. 

Mitotiirips petplans, sp. n. (PI. 48 . figs. 1-5 ; PI. 49 . figs. 1 & 2.) 

? . Length a little more than 2*0 mm., breadth of pterotborax 0\31 mm. 
General colour dark brown, inesotborax lighter, and abdominal segments 
1 to 3 white or yellowish-white, excepting where joined to each other, 
and there tinged with reddislpbrown ; segment 10 light yellow. Antennal 
joints 1-4 light lemon-yellow, tip of 4 lightly tinged witli brown, 5-7 dark 
brown, and 8 and 9 lighter greyish-brown. All femora lighter or darker 
brown, inclined to n yellowish light patch near apices within ; fore-tibiae 
yellowish to greyish-brown, margins dark brown, hind and intermediate 
tibiae uniformly dark brown j all larsi whitish. Fore-wings rich brown, 
a clear ill-defin<*d patch occupying third fifth, or thereabouts, and a similar 
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but shorter white area just before the distal twelfth ; hind wings clear, with 
a faint trace of grey corresponding with the dark areas of the fore-wing. 

Head and thorax difficult to describe from the single preparation owing 
to the extreme difficulty in obtaining an exact dorsal view. Head more or 
less subglobular in form, cheeks roundly constricted to base, with a few 
small seiau. Ej'cs irregularly and somexNhut coarsely facetted, some of the 
facets beneath being extraordinarily large ; facets not touching ; minutely 
pilose ; upper portion occupying about 0*5 the length of head. Posterior 
ocelli somewhat large, placed above a line drawn across the posterior fourth 
of eyes ; anterior one much smaller, protected by two long bristles placed 
rather closely together on a line across the front of posterior pair. A pair 
of short dorsal setaj on a line behind eyes, approximately behind the posterior 
ocelli. Antennaj very long and slender, about 3*5 times as long as the head, 
pilose ; basal joints subapproxiinate ; 2 cylindrical, twice as long as 
broad ; 3 with short stem, about 15 times as long as broad ; 4 also long and 
slender, a shade broader than 3 and about 9 times as long as broad ; 5 to 7 
slightly broader ; 8 rapidly narrowing from about middle, distally and 
broadly united to 9, which is almost styliform. Helative lengths of joints — 
12: 17:80; 55 : 25 : 1 8 : 16 : 14 : 5*5, Palpi 3/2.jointed. Head ventrally 
arcuate below insertion of antenna' and furnished with numerous hairs, 
the inmost pair the longest. 

Protliorax apparently not broader than the head and converging basally, 
about as long as the head and 0*8 as long as broad across fore-angles ; no 
prominent bristles and surface irregularly, sparsely, and minutely setose, 
l^terothorax long and narrow, 1*25 times as long as \\ide, broadest across 
base of mosotborax, where it is twice as broad as at juncture with prothorax ; 
sides roundly widened, and sides of nietathorax narrowed to base, 0*65 as 
wide across posterior coxa? as across inesothorax. Legs long, setose, the 
sehu arranged in more or less regular row's, femora thickening distally ; 
structure of fore-tarsus typically iEolothripid. Wings reaching to about 
the 7th abdominal segment ; fore-wing broadened distally, rounded at tip, 
longitudinal veins indistinct but clearly defined by setae ; cross-veins absent, 
(postal bristles slender, 35, ending at extreme apex ; whole length of upper 
vein with 22 and hind vein with 16 short seta? — more widely spaced on 
central clear patch, none on distal clear patch, and 2 + 2 on distal dark 
area. Cilia on fore-margin of hind-w'ing sparse, only a little longer than 
the breadth of the wdng; those forming lower fringes of both fore- and 
hind-wings long. 

Abdomen subpetiolate, very narrow at juncture with thorax, broadening 
evenly to 6th segment, where it is 1*5 times as broad as the pterothorax and 
'more than 2*5 times as broad as the posterior margin of 1. 9 abruptly 
narrowed to base of 8, and 8 and 9 roughly obconical ; 9 with one long 
lateral bristle near middle and two pairs of similar bristles on posterior 
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margin of tergite, which are longer than segments 9 and 10 together 
and dark brown in colonr. Tergite 10 with four long colourless bristles, 
about 0*75 the length of those on 9 ; two shorter ones at extreme tip 
(vestigial segment 11). 

Type. In Hope Collections, University Museum, Oxford. 

HaUtat. Tbikidad, Sangre Grande, July 1913. Associated with //eh’otAn^s 
rubrodnetus on cacao-leaves. 

In many respects, especially in the form of body, this species reminds one 
of FrankHnothripe vespiformis^ Crawf., from which it may be distinguished 
by the form of antennee and head, coloration of abdomen, the first three and 
10th segments of which are light in this species. 

Family T h B 1 1* 1 1) aj. 

Genus Heuothkips, llal. 

Heliutubips hasmobbhoidalis (Bonche) and var. aboominaus. Rent. 

44 9 ’s and larvse on Liberian Coffee ; Esparauza Estate, ('alifornia, 
Trinidad, Oct. 1912 ; on under sides of leaves, also on upper side when 
well shaded (99*4). 

4 9 *s f. typica only and larvse on coconnirleaves, Cocal, East Coast. 
Trinidad, July 1913 (99*6). 



1 . — FfWiMuidla iatularu (Franklin). X 30. 

3.— The same; underalde of abdomen in . x c. 30. 

Genus Fbankliniella, Karny. 

Fbankuniella INSULABIS (Franklin), cf. Proc. U.S. Nat. Mus. xxxiii. 
(1908) 715. 

Both sexes of this species, described by Franklin from Barbados, are well 
represented in two tubes, one from flowers of Erythrina (7 9 ’s, 1 and 
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larvae), Baiigro Grande, Fel). 1913 (99*7), and the other from cultivated 
roses, sucking petals, La Tosca, Sangre Grande, April (99*5) and Noveniher 
1913. In the latter case the species appeared in numbers and was 
accompanied by Frankliniella inelanoinmata, Williams. 

It is also known from Guadalajara and Monterey, Mexico ; Brownsville, 
Texas ; and Miraflores, (kuial Zone, Panama *. 

Frankliniella melanommata, Williams^ Journ. Econ. Biol, vol. viii., 
December 1913, pp. 213-215, fig. 2. 

This little species has only recently been described by Williams from 
St. Vincent. It is somewhat closely allied to tntici (Fitch) and cephalicus, 
(Jrawford, and it causes one to think that the tintici recorded by Franklin 
from Barbados may be referable to this form. 

Botli sexes from cultivated roses. La Tosca, Sangre Grande, April and 
November 1913. 


Buborder TUBULIFERA. 

Family 1 D o L o t n ii 1 1» i d jc. 

DlCAluTllUirs L.EV 1 C( 1 LLIS, Jiayn, 

Two $ s witii />. brecicornis recorded below, and 3 cJ s and I $ from 
Verdant Vale, Trinidad, April 1912. These agree perfectly with description 
of the original examples I’rom Venezuela, except in the length of the bristles 
of the 9tli abdominal segment in the which in these examples are seven- 
eighths the length of tube. It should be noted that these are shown much 
ioo short in the original figure (pi. 52. fig. 5 t)* The relative lengths of the 
antennal joints are approximately 20 : 26 : 102 : 63 : 57 : 45 : 28 ; 25. Tube 
in about 4 times as long as broad at base. 

Dicaiothrips liREVicoRNis, Bugn, (PI. 48. fig. 9.) 

Examples of both sexes found amongst leaves of a dead coconut- palm and 
some on and under the bark of the stem. Mr. Urich states that examples 
were observed to deposit eggs on the leaves and to sit over them. The fore- 
femur within has a low tubercle at distal third, somewhat as in Idolothrips 
tuberculatasj Hood, though not so pronounced. 

cJ. The male was previously unknown. The head is a little longer than 
in the i , nearly 2*5 times as long as broad, postocular bristles absent, and 
genal spines a little more plentiful. Fore-femora not strongly incrassate ; 
spines on outer side near base stronger than in the ? ; tibia? and tarsus as 
in c? distinvtm^ Bugn. Relative lengths of antennal segments approxi- 
mately ; — 18 ; 25 : 66 ; 51 ; 45 : 35 : 24 : 22, 

* See Hood, ' Psyche,’ xx. No. 4, August 1913. 
t Jouni. linu. Soc., Zool. xxx. 1909, pp. 309-387, pis. 61-53. ^ 
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Abdominal segments 7 and 8 practically subequal. Tube stout, 0’7 as long 
as head, twice as long as 9tli segment, and but slightly longer than either 
7 and 8 ; about 3 times as long us broad at base and twice as broad at base 
as at apex. Terminal hairs about as long as tube, those on 9 a little longer. 

Tins species fits well into Section II.ii.B o£ my table on Neotropical 
Dicaiotlirips^ wherein these two species were described, but is readily 
separated from both Icvvicollis and foveicoUis by the short third antennal 
joint and stout tube. 


Family E u p A T H x T n n i P i n .ffi, milii. 

Head at least twice as long as wide ; dorsum compressed and subcarinate, 
Eyes finely and closely facetted, prominent, contiguous, or nearly touching 
anteriorly, almost completely surrounding ocelli ; ventrally well separated. 
Cheeks with or without prominent spiniferous tubercles. Mouth-cone long 
and pointed, reaching to beyond the base of the prosternunu Anteniim set 
below vertex, on ventral surface : intermediate joints long and slender, 
segments 3 to 5 (or 6) clavate, distally abruptly narrowed ; sense-cones very 
long and slender. 

Cheeks with prominent spiniferous tubercles. Antennre set higher on the ventral 
surface, sense-cones longer, third joint shorter tlnui or at most but little 
longer than 4. Fore-femur in both sexes with a tooth near apex within. 

Genus Eupathitiiuips, Bagr.. 

Cheeks without tubercles. Antennas set lower on the ventral surface; sense- 
cones shorter; third joint much longer than 4; anterior margin of pro- 
thorax strongly emarginate. Fore-femur simple. . . . Genus Sedulot'hbips, nov. 


Genus Eupathithrips, BagnalL 

1908. EupathithripB^ Bagnall, Trans. N. H. Soc. Northumberland, Durham, and New- 
castle-upon-Tyne, n. s., iii. p. 28. 

1908. HeUrothripa^ Bul& (not Hood), << Redia,” iv. 1008, p. 124. 

1909. Polyammatothripaf Bufia, op, c, v. 1909, p. 164. 

[Bupathithrips dentipes, Bagn. 1908. (PI. 48 . fig 10 ; PI. 49 . fig. 5.) 
This species is easily separated from silvestrii and affinis by its larger head, 
the larger fore-legs, the distinctive shape of fore-femora (as in Rhcehothnps, 
Karny) which are without the minute spiniferous tubercles on the inner 
margin, and the strong double series of teetli-like protuberances along tbe 
inside margin of tibia. The abdomen is broader, and the segments 4-7 at 
least have a white patch at each anterior angle. 

The prothorax is not so triangular in shape as shown in my original 
figure, but I find it difficult to describe from the single dried specimen.] 
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Bupathithuips affinis, sp. n. (PI. 48 . fig. 11 ; PI. 49 . figs. 6 & 8.) 

(^. Length about 4*5 mm. 

(Colour as in E. silcestrii^ but with the apical two^tUrds of intermediate 
tibiffi and apical Aa//of hind tibia? yellow. Abdominal segments 3 to 6 each 
with a pair of antero-lateral white patches. 

Relative lengths of antennal joints 3-8 as follows : — 163 : 168 ; 174: 110 : 
73 : 36. Sense-cones protected by long pointed seta? as in E. denitpes. 

This species differs from E. silvestrii in its smaller size, the relative lengths 
of antennal joints 3 and 4 (which in this species are practically subequal), 
and in the coloration of the intermediate and hind tibia?. The genal spine 
just behind eyes is more minute than in silvestrii^ whilst the genal spiniferous 
tubercles and those along the inner margin of each fore-femur are noticeably 
larger than in the of that species. The two series of tubercles along inner 
margins of fore-tibice, so strong in dentipes, and in silvestrii vestigial, are in 
ajims distinctly denoted. 

Though a smaller species, the prothoracic seta? (at least the mid-lateral 
and anterior pairs) are distinctly longer than in silvestrii^ the shortest being 
at least 0*4 the length of the prothorax. 

The bristles of the 9ih abdominal segment are longer than in silvestrii, the 
outer being about as long as the tube and the inner distinctly longer, whilst 
the lateral abdominal bristles are comparatively longer also. 

Tifpe. In Hope (lollections, University Museum, Oxford. 

liahitat, Trinidad, 1 ^ , tsiken by Mr. Hugh Scott from between the 
leaf-bases of an epiphytit? Hromeliacoous plant, from the virgin forest of 
Trinidad^s highest mountain, Tucuche, 3100 feet, March 20th, 1912. 


Eupatuithrips SILVESTUII {liujfo). (PI. 48 . fig. 12 ; PI. 49 . figs. 7 k 9.) 

HeterothvipH nUvmtrii, Butia, * Bedia,’ iv. 1908, pp. 124-125, fig. 2. 

Polyommatothrips silvestniy Bufia, op» e, v. 1909, p. 104. 

? . Length 5*0 to 5*5 nun., breadth of inesothorax about 0*7 mm. 

Colour dark chestnut-brown ; fore-tibia? yellowish shaded lightly with 
brown near base, intermediate and hind tibise with the distal half and fifth 
respectively yellow ; all tarsi yellow*. Antennal joint 3 yellow, lightly 
touched with brown near apex ; stems of 4 and 5 and basal third of 6 
similarly yellow. 

Head 2*2 times as long as broad, and 2*5 times as long as protborax through 
middle ; cheeks with a few prominent spiniferous tubercles and a short stout 
spine near eyes. Eyes practically touching anteriorly, very finely facetted, 
occupying about one-third the length of head. Ocelli rather large, and 
almost completely surrounded by the eyes; anterior ocellus forwardly 
directed. Postocular bristles short and blunt, placed far back, about one- 
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third the length of the eye. Antennai nearly twice as long as the head, set 
ventrally below the anterior part of (he eyes, and between the ventral parts ; 
relative length of joints : — 54 : 50 : 134 : 165 : 165 ; 96 : 64 : 32 j 3-6 produced 
distally into a shorter or longer stem beyond the broadest part, the produced 
part being longer and more slender in 5 and 6 ; 7 and 8 broadly and obliquely 
united, together fusiform. Sense-cones exceptionally long and slender, 
protected immediately behind by short, slender, knobbed setic, instead of 
long bristles as in the known allied forms. Mouth-cone long and sharp, 
reaching beyond pronotum. 

Prothorax 2‘25 times as long as broad across hind angles, anterior margin 
rather strongly emarginate; setm rather short, parallel-sided and faintly 
expanded at tips; the longest (at posterior angles) from 0'35 to 0*4, and the 
others about 0’32 the length of prothorax. 

Pterothorax as broad as long, surface, especially the metanotnm medially, 
more or less plainly reticulated. Wings reaching to about the 6th abdominal 
•segment, tinged with smoky yellow, darker near base, and median thickenings 
and cilia brown. Median vein in fore- and hind-wings reaching to the distal 
fourth ; cilia on both margins long and closely set, at least 32 duplicated at 
posterior margin of fore-wing near apex. 

Fore-femur very slightly incrassate, with tooth near apex within and a few 
minute spiniferous tubercles on inner margin ; fore-tibia* with a double row 
of short bristles their basal tubercles being vestigial; fore-tarsus with a 
minute tooth in both sexes. 

Abdomen long and slender, slightly narro’ver than pterothorax at base, and 
narrowed evenly to base of tube, all segments, excepting 9, distinctly trans- 
verse. Tube 0'5 the length of tube, about 0’4 as broad at base as long and 
0'45as broad at apex as at base ; terminal hairs slender, about 0-7 the length 
of tube. Bristles on 9th segment about as long as tube, the outermost pair 
slightly shorter and more slender ; 7 and 8 with two pairs of blunt dorso- 
lateral bristles, the outer being the longer, colourless ; 2-6 with similar but 
shorter bristles, which are dark brown at base and colourless distally. In 
addition, there is a shorter sharp spine at extreme posterior angles of 3-8. 
Wing-retaining spines on 2-6, and one vestigial pair at hind margin of 7. 

^ . A little smaller and more slender ; genal spines not so noticeable. 
Ninth tergite with a pair of spines placed above the posterior margin and 
between the inner and outer bristles ; outer pair of bristles slender, about 
0*7 the length of tube, inner ones about as long as the tube. 

There can be little doubt that this is the species described by Buffa, the 
short third antennal joint and the minute protecting hairs of the sense-cones 
being distinctive features shown in Buffa’s figure. 

• Hdhital. Trinidad, on and in cracks of a dead cacao-tree (Unoh), 
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Genus Sedulothrips, nov. 

Olieeks without tubercles. Antennaj set low on the ventral surface of 
head^ betw^een the ej^es ; joint 3 longer than 4 ; sense-cones moderately 
long, shorter than in Eupathithrips. Anterior margin of prothorax strongly 
emarginate. Fore-femur without tooth near apex within. 

Otherwise as in EiqKitliithrips, 

Sedulothrips insolens, sp. n. (PI. 48. figs. 13-15 ; PI. 49. fig. 10.) 

? . This species so closely approaches S. vigilmts^ Hood that a detailed 
description is uimecessarj'. The fore-tibice are unicolorous with the femora ; 
the antenna3 are of a darker shade, yellowish-brown, and the stems of joints 4 
to 6 are not so markedly yellowdsh ns in viyilans^ these joints being practically 
unicolorous ; and the Cth joint is more fusiform and longer than the apical 
and penultimate joints together. The prothorax is broader, at least 2’5 times 
us broad as its median length ; all bristles present, blunt, and longer than in 
rijfilans^ those at posterior angles at least 0*5 the median length of the pro- 
thorax, and those at anterior angles and the mid-lateral pairs not shortened 
as in vhjilans. 

The fore-wings are of a uniform brown with slight yellowish tinge and, 
if anything, richer in colour basally ; median thickening (which almost 
attains apex in hind-wing) darker brown. Fore-wings darker in colour 
than in viyilaiis, not strikingly lighter distally, and without the clear patch 
near base ; surface distally curiously sculptured, giving the appearance of 
being set with scales ; 27 cilia duplicated. 

Abdominal segment 8 longer than the tube (in ? viyilans not so long). 
Distal half of tube not noticeably lighter ; hairs on segment 9 2*6 (in ? 
viyilans 2'0) times the length of tube, and outer terminal hairs just twice the 
length, the innermost pair shorter. 

Through Mr. Hood's kindness, I have hiid the satisfaction of examining the 
(J and ? types of his Polyovimatothrips viyilans, I was at first tempted to 
regard my solitary example as referable to vigilans^ but it differs in so many 
little points (of which the chsetotaxy of the prothorax and the 9th abdominal 
segment and tube, the coloration, and curious sculpturing of the fore-wings 
seem to be the most important) that it seems necessary to regard it as 
belonging to a second species. 

I hope that further examples will be mot with, so as to make a closer 
examination of these points possible, and more especially of the curious 
surface-structure of the fore-wings. 

Type. In the Hope Collections, University Museum, Oxford. 

IlaUtat. Trinidad. One ? with Etipathithrips sUvestrii^ Buffa, from on 
and in cracks of a dead cacao-tree. 

* ^ Psyche,’ xx., August 1918, p. 128. 
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Family Phlceothripix)^ (s. 1.). 

Genns Omaniothrips, nov. 

Size small. Head twice as lonjj; as broad, arched dorsally. Month-cone 
not reaching across prosternnm, blunt, rounded at tip ; maxillary palpi long 
and stout. Prothoracic setae stout, blunt ; the single long bristle on each 
fore-coxa pointed. Fore-^Yings slightly constricted at about middle. 

Belongs to the J/aplothrips-IIindsiana group, but distinguished at once by 
the shape of the head, which reminds one in a modest way of the arched head 
of that curious genns Doeessissophothrips, Bagn. 

Type. C. uricJii, mihi. 

Cbaniothbips urichi, sp. n. 

Length 1*8-1*9 mm. 

General colour lemon-yellow to a richer yellow ; antennal joints 5-8 grey- 
brown, and distal half of 4 lightly tinged with grey ; lower median margin 
of inesonotnm and coiresponding upper portion of metanotnm and the whole 
of the tube grey-brown. Wings clear, with a grey-brown patch at base; 
fore-wing with the second third (i. e. middle portion) grey-brown, and hind- 
wing with corresponding portion slightly tinged with grey ; cilia dark. Tip 
of mouth-cone and a spot at tip of each tarsus brown. 

Head twice as long as broad across eyes and 1*5 tim(‘s as long as the 
prothorax, dorsal surface arched and sides somewhat constricted near base. 
Eyes coarsely facetted, occupying approximately 0*25 the length of head, 
pigmentation deep black. Vertex raised in form of a hump ; ocelli large, 
posterior pair on sides of raised part, almost contiguous with eyes and above 
a lino drawn across their centre ; the anterior one facing forwards ; jtigmen- 
tation crimson. Interocular bristles absent. Postocular bristles present, 
placed well back and about the length of an eye, stout, practically parallel- 
sided and broadened at tip. Mouth-cone reaching about 0*7 across pro- 
sternum, blunt; tip rounded. Maxillary palpi long and stout, basal joint 
very short ; one sensory filament at tip longer than the others and than the 
palp, an additional filament on the inner margin near apex. Antennm at 
least 1*6 times the length of the head, approximate at base and seated 
below the vertex ; relative length of joints: — 12 : 19 : 21 : 21 ; 20 : 29 : 18 : 14. 
Sense-cones normal: last joint with an apical sense-bristle as long as 
the joint. 

Protborax about 1*25 times as broad across hind-angles as long, diverging 
from base of head to about middle and thence practically parallel. Bristles 
at anterior and posterior, angles and postero-marginal and mid-lateral pairs 
present, each of the latter pair being set just behind and close to the ones 
at anterior angles ; those at posterior margin about 0*5 as long as the 
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prothorax, all stout and broadened at apex. Fore-coxas projecting, with one 
long, slender, and pomted l)ristle ; foro-femnr 0 8 the length of the head and 
about twice as long as broad ; tibia abont as long as femur ; tarsus unarmed. 
Proihorax a little longer than broad and only slightly broader than the 
l>r()adth across fore-coxa). Fore-wing very slightly constricted about middle, 
with three stout setne, similar to those on the prothorax, at base ; cilia on 
fore- and hind-margins somewhat long and widely spaced. 

Abdomen only sliglitly broader than ptorothorax, about 3*5 times as long 
as broad, practically parallel-sided, thence gently rounded to base of tube. 
Tube abont 0*6 the length of head, 0*4 as broad at base as at apex ; sides 
evenly and gently narrov\ed. Terminal hairs greyish-brown basally, colour- 
less distally ; longer than tube, but very slender and difficult to see. Bristles 
on IHli segment blender and abont as long as the tube. Lateral bristles long, 
tapering, an inner pair stouter and knobbed. 

Tttpe* In the Hope Collections, University Museum, Oxford. 

/fnhifat. Trinidad, Capara, August onwards, 1913. On leaves of Inga sp. 


Family C^HiROTHRiPOiDiiDiE, milu. 

Genus Chirothripoides, nov. 

Size small. Form very slender and linear. 

Head longer than broad, produced beyond eyes ; ocelli on or above a line 
across the fore-inavgin of eyes. Mouth-cone short, rounded. Maxillary 
])alpi 2-jointed, apical sensory filaments very long. Antennjc with joints 
A to 5 at least as hroad as long. 

Prothorax weakly chitinised, longer than head and longer than broad. 
Fore-coxie >ory elongate, all legs short and stout ; fore-tarsus armed. 
Pterothorax edongated ; wings long, verj" slender, and practically parallel- 
sided from base to ai)ex ; long cilia on botli margins of fore- and hind-wings. 

Abdomen linear ; ])Osterior margin of 8lh sternite armed with a pair of 
long lateral spinf3S and a series of four shorter pairs between them, the 
inmost being longest. 

Type. C. tgpicus^ mihi. 

The form of the antennae, head, prothorax, wings, and, in particular, the 
curious armature of the 8th sternite make it difficult to place the species in 
any of the recognized Tubuliferous groups, and for the present I regard it as 
standing alone. 

CHiROTnRiroiDKS TYPicus, sp. n. (PI. 48. figs. 6-8 ; PI. 49. figs. 3, 4.) 

? , Length 1*4 mm., breadth of mosothorax 0*175 inm. 

Colour light yellowish- or greyish-bi'own. Ninth abdominal segment 
LINN. JOURN. — ZOOLOGY, VOL. XXXIl. 40 
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yellowish. Head sind antennae rather darker, with 2nd joint faintly lighter. 
Fore-femiirt yellowish, all tibiae yellow, lightly tinged with grey. Wings 
light grey-brown, lightest baisall}'. 

Head very narrow, about 1*6 times as long as broad and only 0*75 the 
total length of the prothurax ; produced beyond eyes. Eyes long, ooonpying 
about 0*55 the length of the head, and somewhat close together at their inner 
margins near middle. Ocelli large, especially the posterior pair, which are 
widely separated and situated close to the anterior margins of the eyes ; 
fore-ocellus placed near insertion of antennse. Oheeks practically parallel, 
short, occupying only 0*27 the length of the head ; produced part about 0*7 
the width across eyes, the whole of the front being occupied by the insertion 
of the antennse. Antennse almost toncliing at base, about twice as long as 
the head ; joints 3 and 4 broader than long ; relative lengths of joints 
approximately 10:13:11:10:11:12:12:13, formed as in PI. 48 . fig. 6. 
Sense-cones on segments 3 to 6, short and rather stout, only 1 on 6. Mouth- 
cone short and rounded, reaching only about one-third way across prosternnm ; 
maxillary palpi short, with one of the sensory filaments at apex longer than 
the palpus. 

Prothorax apparently not strongly chitinous, almost as long as broad, 
broadest at posterior third, where it is about 2*5 times as broad as the head ; 
narrowed evenly from anterior third to juncture with the head. Only one 
pair of noticeable bristles at a position indicative of the posterior angles. 
Prostemum with a long median impression or line. Pterotborax about 
1*75 times as long as broad. Posterior coxae closer together than the other 
pairs. Fore-femur rather long and broad, intermediate and bind femora 
and all tibiae short and stout ; fore-tarsus with a stont tooth. Wings reaching 
to about the 7th abdominal segment, both pairs curiously narrow and 
parallel-sided ; fore-wing about twenty times as long as broad near middle ; 
hind pair with a median vein running well down towards apex. Cilia long, 
rather widely spaced, with 4 duplicated near apex of posterior margin in 
the fore-wing. 

Abdomen Ipng and linear, abont 0*6 the total length of the insect, and five 
times as long as broad across the 8th sogment. Eighth segment produced 
at each hind angle of the sternite in the form of a long sharp spine, inwardly 
directed and curved and reaching to the base of the tube ; posterior margin 
of sternite armed with 4 shorter pairs in addition to the lateral teeth, the 
innermmit pair being the longestand stoutest. Posterior margin of 8th tergite 
simple. Tube short and stout, about 0*8 the length of the head and about 0*6 
as broad at base as long; apical hairs not as long as tube, very weak disially. 

2^pe. In the Hope Collections, University Museum, Oxford. 

HaHtat. Tbimidad, AHma, Verdant Vale. Takmi on a window, to whksh, 
they were blown by stoOQg wind. 
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EXPLANATION OF THE PLATE8. 


Plate 48. 

Mitothnpa petulansy sp. u., $ . Abdominal segments x 80. 

» „ %f ff 8^10, X 80. 

„ Outline of frons, X 80. 

,, „ „ Ocelli, X 80. 

„ „ Maxillary palpus^ x 120. 

Chircthripoides typicus, gen, et sp. n., J . Prothorax, fore-legs, head, and 

antennte, X 60. 

„ „ „ End of abdomen, x 60. 

„ „ „ Posterior margin of the 8th ab- 

dominal segment (ventral), x80. 
Dicaiothrijis hrovicornis^ lingiuill. Kight foi e-femur, X 45. 

Eupathithrips detitipes^ JlagnalL Eight side of head, X 45. 

» n., „ „ X46. 

„ tilvetlrii (Buira), $ . ,, „ X 4<'>. 

Seduhthrips inaolens^ sp. n., cJ . „ „ X 45. 

,, „ „ End of abdomen, x 45. 

„ „ ,, iSculpturing of right wing near apex, X c. 1 20. 


Plate 49. 

Mitothrips jwhdofts^ sp. ii., y. Eight antenna, x 80. 

, „ 1 ) Eight fore-wing, x e. 40. 

(Mirot/inpoides typicus, ep. y . Eight fore-wing, X 40. 

„ V » Eight lower wing, x 40. 

Eupathlihrips dentipes^ Eaguall. Left fore- leg, x 45. 

„ affinU, sp. n., d . „ X 46. 

„ silvestrii (Buflfa), $ . „ „ X 45. 

„ tiffinu, sp. n., d- Joints 3-5 o! left antenna, x 80. 
s<7m^riV(Eufla), y. „ „ „ x 80. 

Seduht/iripa insole^iSy sp. n., d * Left fore-leg, X 45. 
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Description of ii new Gonns and Species of Terrtistrial Isopoda from British 
Guiana. By Wauteh E. Collinge, M.Sc., F.L.S., F.E.S., Research 
Follow of the University of St. Andrews. 

(Plate 50.) 

[Read 4tli March, 1915.] 

The Terrestrial Isopoda of the Souih American continent have as yet received 
very little attention, althon/^h one cannot help thinkinj^ that tlier(' is a lar^e 
and interesting fauna awaitine; investigation. From different parts, species 
have been described by Miers (1), Budde-Lund (3), Dollfiis (3, 4, 5, 6), and 
Richardson (7), but in all probability these constitute only a very small part 
of the actual indigenous fauna. 

Some few months ago Mr. G. E. Bodkin, the Government Economic 
Biologist at Georgetown, Deinerura, British Guiana, very kindly forwardt?d 
to me fur ideiitilication a number of specimens collected beneath the bark of 
trees in the Botanic (xardeus, Georgetown. Two of the specimens (both 
imperfect) ar(» referahhi to the cosmopolitan species Porcellionides pnihiostfs 
(Brandt), whilst the remaining ones, in various stages of growth, belong to 
a new genus and species here described under the name of Calijcuoniscus 
bodkinu 


(Ulycuoniscus, gen. uov. 

Body ohlong-oval, tiattened ; metasome a little narrower tliaii the mesosomo, 
Ihe cephalon and segments covered with peculiar cup-sha{>ed or calyx-like 
organs, and the ai)pendages marked with lattice-work and scale-like ornaiiKm- 
tation. (.Vphalon with well-developed median and lateral lobes, the former 
being prolonged forwjirds and slightly dowuuards; epistoma raised in the 
nieilian line, at each side of whicli is a deep concavity. Antonme of medium 
length with 3-jointed flagellum, divisions subequal. Uropoda extending 
beyond telson, globose, basal plate with raised anterior margin ; exopodite 
short and thick, outer border almost straight ; endopodite same length as 
exopodite, both setaceous with terminal hair-like setae. Telson triangular 
with posterior margin bluntly rounded. 

AflSnity doubtful. 

Calycuoniscus bodkini, sp. nov. 

Body (fig. 1) oblong-oval, flattened ; metasome a little narrower than the 
mesosome, the segments of botli, and also the cephalon, covered with peculiar 
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cup-shaped organs (fig. 2). Appendages marked with lattice-work-like orna- 
mentation (fig. 9). Cephalon (figs. 3 & 4) convex above and with numerous 
cup-shaped organs, median and lateral lobes conspicuous ; epistoma raised in 
the median line with two lateral concavities. Eyes prominent, situated dorso- 
laterally almost above the cup-shaped lateral lobes of the cephalon. Anten- 
nuldB 3-jointed. Antennm (fig. 5) of medium length, the 5th joint being the 
longest ; flagellum 3-jointed, with subeqnal divisions and terminal style. 
1st maxillce (fig. 6), outer lobe terminating in four large curved spines and 
four small ones with bifid terminations. The segments of the mesosome arc 
somewhat flattened, the lateral jdatos of the 1st partly surround the cephalon, 
all have their posterior angles slightly produced and overlap one another, 
fringed with numerous cup-shaped organs. Maxillipedes (fig. 7) with the 
outer palp terminating in a large multispinous process and two smaller inner 
spines with broad bases ; the inner palp has two marginal tooth-like spines. 
Thoracic appendages (fig. 8) comparatively short, ornamentation strongly 
marked, densely covered with setae and spines, and terminating in strong 
claw. Uropoda (figs. 10 & 11) somewhat globose, basal plate with anteriorly 
raised margin, external antero-lutcral margin produced inw'ards slightly ; 
exopodite short and thick, outer border almost straight ; endo|»odite same 
length as exopodite, articulating beneath the anterior raised margin of the 
basal plate, both setaceous and with terminal hair-like sehe. Telson (fig. 12) 
triangular with posterior margin bluntly rounded. Length 2*8 mm. dolour 
(in alcohol) horny-brown with darker lateral portions or with dark median 
line. 

Habitat. Beneath the bark of trees, Botanic Gardens, Georgetown, 
Demerara, British Guiana. 

Type. In collection of W. E. C, 

This species is of special interest, in that it possesses a very peculiar series 
of chitinous organs on the body-segments and cephalon. In the spirit- 
preserved examples they do not exhibit any structure beyond that shown in 
figure 2, viz., a cup-shaped organ with a tube-like body in the centre. 
Dollfus ( 4 ) has figured some similar bodies on the telson of Platyarthrus 
(?) simoni^ Dollfus, from Venezuela, and Budde-Lund ( 8 ) describes and 
figures very similar ones on the telson and metasome of another Venezuelan 
species, 2richorhina quisquiliarum (B,-L.). His brief description is as 
follows : — margo posterior omnium segmentorum serie papillarum 
minutissimarum ornatus.^’ 

The form of the cephalon is unlike that in any other genus 1 am ac- 
quainted with, the eyes being being very prominent and situated almost 
above the cup-shaped lateral lobes, whilst the median lobe is prolonged 
forwards and slightly ^ downwards. The two lateral concavities on the 
epistoma are also characteristic. 
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In addition to the above-mentioned cup-shaped organs, the whole of the 
body and the appendages are inark(‘d \rith a scale-like or lattice-work orna- 
mentation. This is particularly prominent on the ischiopodite of the thoracic 
appendages (fig, 9). 
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EXPLANATION OF PLATE 50. 
CalycaoniscuB hodkini, gen. et sp. n. 


Fig. 1. Dorsal view. x24. 

2. Cup-shaped bodies on the ceplialon and body-segments. 

.‘b Dorsal view of the ccjibaloii, tilted upwards anteriorly to hliow the median and 
lateral lobes. Colour-markings not shown. 

4. Anterior view of the cephalou. 
o. Antenna. 

t). Terminal portion of the outer lobe of the 1st maxilla. 

7. Terminal portion of the riglit maxilllpede. 

8. Second thoracic appendage. 

1). Pattern of ornamentation on the i.schiopodiie of tlie 2nd thoracic ap])endage. 

10. Right uropod, ventral surface, 

11. „ „ dorsal surface. 

12. Telson and last metasomatic segment. 
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A Description of Five new Species of Edwardsia^ Quatr., from New 
Guinea, with an Account of the Order of Siujcession of the Micro- 
mescnterios and Tentacles in the Bdwardsida^. By Gilbert C. Bourne, 
M.A., D.Sc., F.R.S., F.L.S. 

(Plate 61, and 2 Text-figures.) 

[Reed 6th April, 1916.] 

For some time past I have been working out the anatomy of a collection of 
Anthozoa made some years ago by Dr. A. Willey in New Guinea. My 
apologies are due and are hereby tendered to him for not having undertaken 
this work sooner. For one reason or another it was put aside ; but, when 
I began to give serious attention to it some eighteen months ago, I found 
that the collection included several forms of great interest, one of which 
J have already described. Among the specimens were five species of the 
genus Edicardsia, which form the subject of the present short memoir, and 
a number of other forms which appear to be related to, but can hardly 
be included in, the subfamily Phelliina?. It was my intention to give a 
full and detailed description of the anatomy and histology of these forms, 
and I had expected to bring my work to a conclusion by the end of 
last summer. But my time has been taken up since the beginning of 
August by numerous interests arising from the European war, and, at 
tho time of writing, I am about to leave Oxford for service in the Army. 
As my investigations on the Edwardsise were nearly complete, and the 
results partly WTjtton out in full, it has seemed desirable to put together, 
in however hurried a manner, such parts of my projected memoir as seem 
worth publishing as a preliminary notice. I have not been able, in the 
short time at my disjiosul, to give an account of my observations on the 
anatomy and histology of the species I have studied, and this must be 
deferred to a future publication. The present paper is confined to a 
description of the five species collected by Dr. AVilley in New Guinea, 
and to ail account of the sequence of the development of the tentacles 
and micromesenteries in the Edwardsise. 

The genu-s Edwardsia^ de Quatretages, has been the subject of much 
discussion among actinologists in recent years, and has successively been 
raised to tlie rank of an ancestral type and degraded to the position of 
a degenerate offshoot of the dodecamerous Actinians. Jt was originally 
described by de Quatrefages (23), 0. & B. Hertwig (16), and Andres (1) as 
having eight, and only eight, mesenteries, of which the muscle-banners are 
arranged on a plan exactly resembling that of the first four couples of 
protoonemes of Actinians and Corals* This feature attracted the special 
tlNN. JOURN. — ^ZOOLOGY, VOL. XXXU. * 41 
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notice of Boveri ( 5 ) unil McMurrich ( 18 , 19 , 20 ) ; and these two authors, by 
ingenious and convincing arguments, showed that tlie various plans of 
mesenterial sequence exhibited by the Cerianthi<hx^, Zoanthida*, Antipatharia, 
Madreporaria, and Actiniidea could bo derived from tl)e Edwardsian ty})e, 
and claimed tliat the existing Edvvardsidte are to be regarded as the ance&tral 
type from which all the groups enumerated have been evolved. But in 1895 
Faurot (10) showed that, in addition to the large maeroinesenteries with 
conspicuous muscle-banners, a variable number of micromosenteries, confined 
to the upper region of the eapituluin.and so small as to have escaped previous 
notice, exist in the two species E. beautempm and E, adenenm. In the 
former species the positions of the micromesenteries could be compared with 
the arrangement seen in JLtlcampa^ and it was therefore no longer possible 
to regard Edtcanhia as an anc^^slral type. The late Prof. Ed. van Beneden 
discussed the relationsliips of the Edvvardsidfc in his splendid memoir on 
the Anthozoa of the Plankton Expedition (3), and argued that they are 
Hexactinarians simplified by progressive regression of tl»e mesenteries of 
the second cycle and of the fifth and sixth mesenterial couples of the first 
cycle. He added : An surplus il faut renonoer a voir dans les Edwardsics 
le type ancestral d'oii seraient issus les Hexactiniuire.s.’^ Van Beneden’s 
view of the relationship of the Edvvardsidse lias been generally adopted, and 
for the last eighteen years they have been classified among the Actiniaria, 
and as early as 1898 ('arigren ( 8 ) classified them together with the 
Halcampomorphida' in his suhtribe Athemiriu, which corresponds very 
nearly to the family Ilyantbidiu of Gosse. 

It is not possible for me, at the present juncture, to enter into a discus.sion 
of the very dtd)ateahle <|uestions of the classification of tb(‘ Antbozoa. It is 
sufficient for me to state tliat I aoee]d the principle of Carlgren’s (9) dixision 
of the Antbozoa into the three suhclas.ses Hexacorallia, Octocorallia, and 
Dodecacorallia, but cannot reconcile myself to the use «»f the names 
proposed. Garlgrell^^ Hexacorallia includes the (.Vriantliidjc and the 
Antipatharia, and is equivalent to van Beneden’s group Geriantipatharia. 
The classification seems a natural one, hut as the Actinians and ('orals 
have long been known as Hexactiniae and it is now desired to insist on 
the separation of the ('crianthidm from these forms, Garigren’s choice 
of a name seems to mo unfortunate and liable to cau.se confusion. The 
t^eriantipatharia of van Bone Jen are a subdivision of the Scyphactiniaria,’’ 
a subclass including the Scyphomedusas and liugosa. In my opinion there 
are valid reasons for excluding the Scypliomedu.sje from the Antbozoa, and ‘ 
the position of the so-called “llugose’^ Corals is still uncertain. I am 
inclined to use va*) Beneden's name of an order, Ceriantipatbaria, for the 
name of a subclass, identical with Culgren’s Hexacorallia and equivalent 
in rank to the Octactiniaria and Zoanthactiniaria. The Iasi name is 
van Beneden’s, and is equivalent to Oarlgren^s Dodecaoorallia, The sub- 
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class includes the orders Zoantharia, Carlgren (=s Zoanthinaria^ vnn 
Beneden), and Hexactiniariu, van Beiieden, the last-named comprising the 
Actiniaria and Madreporaria. As it is the })urpose of* this paper to show 
that the Edwardsidie liave not the character of six pairs of first-cycle 
mesenteries indicated by tlio names ‘‘Hexactiniariu and “ Dodecacorallia,” 
I cannot accept either ('arlgren’s name for the subclass or van Beneden^s 
name for the order whioli is to include the Edwardsidse. I think that 
van Beneden ’s name, Zoanthactiniaria, may well stand for the sub- 
class named Dodecaeorallia by Carlgren. This subclass, according to 
my opinion, comprises three orders — tlie Edwardsiaria, tlie Zoanthinaria 
(= Zoantharia, Carlgren), and the Dodecactiniaria, the last-named com- 
prising the suborders Actiniaria and Madre])oraria, or, as I have called them 
in another place (4), and still prefer to call them, the Malacacfinia? and 
Scleractinia;. 

It is the object of the latter part of this paper to justify my opinion that 
the Edwardsiaria form a group distinct from, and of equal rank with, the 
Zoanthinaria and the Dodecactiniaria. 


I. Description of neiv Species, 

Subclass ZOANTHACTINIARIA, van Bened. 

Order Edwardsiaria, mihi. 

Family Edwakdsid.e, Andres. 

(3onus Edw’ardsia, de Quatrefages. 

Edwardsia mammillata, n. sp. (Plate 51. fig. J.) 

Body clearly divided into cupitnliim, scapus, and j>hysa. Scapus about 
four-iirths of the entire lengtli of the animal, covered by a thick olive-green 
epidermis, transversely ^^rinkIed, studded with eight longitudinal rows of 
elevated semi-transparent tubercles of various sizes ; the largest tn hordes 
iiuimmilliform and situateiJ at about a quarter of the whole length of the 
scapus from the capitular end, thence diminishing in size towards the physa; 
the tubercles intermesenterial in position. Capitulum when contracted 
about one-twentieth the length of the scapus, colourless in spirit, its surface 
divided into eight intermesenterial areas by shallow grooves corresponding 
to the insertions of the niacromesenteries ; its iipjier border thickened and 
raised into ten more or less triangular elevations which, in a contracted 
specimen, overhang the edge of the infolded oral divSe and alternate with the 
bases of the tentacles. Physa Jihout as long as the capitulum, acorn-shaped, 
tapering posteriorly, colourless, transversely wrinkled, without epidermis or 
tubercles, with a terminal depression resembling a terminal pore. Tentacles 
ten in number, short, conical, in contraction infolded over the oral disc. 

41* 
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Macromesenteries eight, with well-developed parietal muscles and moderately 
well-developed lotigitadinal retractor muscles ; the mesogloeal folds forming 
the muscle-banners 10-13 in number, slightly branched. Micromesenteries 
two, one in each lateral macromesenterial interspace, small, without retractor 
muscles, confined to the capitulnm. 

Length of contracted specimen, 13-14 mm. ; diameter, 1 mm. 

^ab. He du Phare, Noumea, New Caledonia. 

Eowardsu bugosa, u. sp. (Plate 51. fig. 2.) 

Body divisible into capitulnm, scapus, and physa. The capitulnm not 
distinctly marked off, finely wrinkled transversely, with eight longitudinal 
shallow farrows corresponding to the insertions of the mncromesenteries, 
covered with a very thin epidermis.’ The scapus coarsely wrinkled trans- 
versely and covered with warty tubercles somewhat irregularly arranged in 
eight longitudinal rows, the tubercles in the upper part of the scapus tending 
to form doable rows, and some scattered in the intervening areas between the 
rows. The whole scapus invested by a thin bright ocbreoos-brown epidermis. 
The physa globose, colourless, without epidermis, with a \ery distinct terminal 
depression resembling a terminal pore. 

Length, 35 mm. ; greatest diameter, 3 mm. 

Ifab. Sariba, China Straits, British Now Guinea. 

The single specimen on which this species is founded had apparently 
undergone a considerable amount of decomposition before being placed 
in spirit. The external characters were fairly well preserved, but the 
internal organs, the tentacles, oral disc, and actinopharynz were so much 
macerated that T was unable to count the tentacles, to recognize any micro- 
mesenteries, or determine the extent and characters of the actinopharynz. 
The macromesenteries were so far recognizable in sections that I could 
determine the existence of the eight Edwardsian " mesenteries with well- 
developed parietal muscles, and large muscle-banners with the cbarocteristio 
orientation. In the debris of the tissues 1 could distinguish a few ova. The 
animal was therefore sexually mature, and there can be no doubt that it is a 
member of the genus Edwardna. The colour and consistency of the thin 
friable epidermis, the nature of the transverse rugse of the scapus, and the 
arrangement of the tubercles in irregular longitudiml rows offer sufficiently 
distinct characters to justify my describing this specimen as a separate 
species. The globose physa is also a marked feature, and, as is shown in 
gg. 2, it presents a circular and rather deep terminal depression ; but 
I could not find any evidence in longitudinal sections of a pore, leading into 
the ccelenteron. 

1 think I am correct in describing the finely-wrinkled slightly-swollen 
upper end of the specimen as a oapitnlum ; it iafaiidy distinctly marked off 
from the rest of the scapus, bnt it may be only a somewhat modified upper 
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part of the scapus. There was no other structure at the oral end that 
T could identify as a capitulum ; but the tissues within the involuted oral 
end were so much macerated that it was impossible to come to a definite 
conclusion on the matter. 

Edwardsia vermiformis, n. sp. (Plate 51. fig. 3.) 

The animal vermiform, tapering towards the oral extremity, thickest in 
the middle and tapering again towards the posterior extremity, where it 
expands rather abruptly to form the large, ovoid, thin-walled physa. No 
distinguishable capitulum. The two , tapering ends of the scapus marked 
wdth eight longitudinal shallow grooves corresponding to the insertions 
of the macromesenteries, and furrowe<l at intervals by transverse 'wrinkles 
so regularly disposed as to give an appearance of segmentation ; the thicker 
middle portion of the scapus devoid of longitudinal furrows and transverse 
wrinkles. The whole scapus covered by a thin, very minutely wrinkled, 
yellowish-brown epidermis, easily rubbed off and showing a slaty-grey 
mesoglceu below'. The physa thin-walled, saccular, compressed, without 
longitudinal and transverse grooves. Colour in spirit : scapus a dirty olive- 
grey, physa a dull orange. 

Length, 36 mm. ; greatest diameter, 5 mm. 

Locality. Uvea, Loyalty Islands. 

The single specimen on which the above description is founded was in an 
even worse state of preservation than E. rugosa. 1 could find no trace of 
tentacles, oral disc, or actinopharynx in sections. The eight macro- 
mesenteries were partially preserved, and I was able to identify the 
muscle-banners, which were evidently large, with complicated much- 
branched mesoglceal folds. The swollen condition of the middle third of 
the body is due to the presence of the large muscle-banners. The physa 
was flattened and surrounded by a deep fold, which was probably due 
to compression in packing. When dilated, the physa must have been 
of unusually large si$e in proportion to the rest of the animal. There are 
no verrucsB visible to the naked eye on the scapus ; but examination wdtb a 
lens and sections showed that many of these highly characteristic Edwardsian 
structures are scattered over the areas between the longitudinal grooves of 
the scapus. There is no doubt that this specimen is an Edwardsia^ very 
different from the other species in Dr. W'illey’s collection, and I cannot 
refer it with certainty to any described species, so I describe it pro- 
visionally as a new species. It is somewhat similar to Klunzinger’s (16) 
figure of E* pttdica^ Klg., but the physa of the latter is much narrower and 
tapers towards the posterior extremity. This difference may be due to the 
different states of contraction of the animals from which his figure and mine 
were drawn, and it is possible that the two species may eventually prove to 
be identioalt 
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Edwardhia rakaiy^, n. sp. (Plato 51. fi;?. 4.) 

ScapiiR sej)ia-bro\vn in colour, divided into eight longitudinal areas by as 
many well-marked grooves, corresponding to the insertions of the eight 
inacromesenteries. The whole scapiis irregularly rugose or papillai<s the 
rugae and papillae Ibrining indefinite transverse rows j the papillae smaller in 
the grooves, larger in the longitudinal areas between, where they have 
a w^arty appearance and are minutely studded with greenish-W'hite vesicles. 
The distal fifth of the scapus introversible. Capitulum very short, colourless in 
spirit, with twenty faint longitudinal grooves corresponding to the insertions 
of the macro- and microinesenteries. Physa oviform, colourless, without 
longitudinal grooves and raised intervening areas, se|»arated by a well- 
marked constriction from the scapus. Tentacles twenty in number, colourless 
in 'Spirit, 6-7 ram. long in contracted condition, tapering, in contracted 
specimens usually infolded and crowded together in the bottom of the 
invaginated part of the scapus, but some may he wholly or partially 
invaginated. The tentacles in two circlets — the inner comprising eight, 
the outer twelve tentacles. 

The eight macromesenterios extend from the oral disc to the physa ; 
their longitudinal retractor muscles are enormously develoi)ed in the region 
of, and immediately below, the actinopharyux, where they form eight pro- 
minent muscular rolls, hut taporing rapidly aborally and ending in thin 
strands in the physa, Micromefconterics ininiiie, confined to the capitulum, 
incomplete, with parietal but without longitudinal retractor muscle-fibres, 
twelve in number, two in each sulco-latersl, lateral, or sulculo-lateral inter- 
mesenterial interspace. The actiiiopharynx short, without a differentiated 
sulcus or sulculus. A distinct band-shaped endodermic sphincter muscle at 
the junction of the capitulum and physa. 

Length of contracted specimen, 76 mm. ; length of the jdiysa, 5 mm. ; 
greatest diameter, 10 mm. 

Ilab. Straits of Rakaiya, New Britain. 

The three specimens of this species were fairly well preserved, and I was 
able to study the amiiomy in some detail, both by dissection and in sections. 
But, owing to the contraction of the very powerful retractor muscles, all the 
specimens w’cre burst and their shape more or less altered and distorted. In all 
of them a longer or sliorter section of the scapns was introverted, in addition 
to the capitulum, this i)eing a normal occurrence in Edwardsia and described 
by Gosse for E, heautempsii (caUimorpha, 11 , p, 257 In the specimen selected 
for illustration (PI. 51. fig. 4) the scapns has ^given [way a short distance 
below the point of introversion, and the lower portion has shrunk back, 
leaving a portion of the inner wall of the introverted portion exposed. In 
the two other specimens the scapus had given way below the actinopharynx, 
and the largo retractor muscles projected from the gap thus torn in the 
body-vrall. 
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Edwaedsia willeyana, n. sp. (Plato 51. 5.) 

Scapus not divided into areas by longitudinal grooves corresponding to 
the insertions of the niacromesenteries, but invested bv a bright chestnut- 
l)rown epidermis marked by niiinerous, fine, transverse rugre and studded 
with numerous, colourless, more or less elevated, rounded vesicles or papillae 
arranged in numerous, irregular, longitudinal rows. No distinct jibysa, but 
the body tapers towards the posterior extremity and forms a blunt cone on 
which the epidermis is very thin and the papilla? more closely crowded 
together. The caj)itulum very short, its surface marked hy eight deep 
grooves corresponding to the insertions of the macromesenteries, the areas 
between the grooves tumid and raised at tlie edge of the oral di>c into eight 
more or less pointed, marginal tubercles alternating witli the bases of tbe 
outer circlet of tentacles. Tentacles sixteen in number, arranged in two 
circlets of eight each ; the tentacles subulate, very extensile ; in a retracted 
specimen some arc simply infolded over the oral disc*, others are paitially or 
wholly iuvaginated. Eight macromesenteries extending from the oral (ii.?c 
to the posterior extremity, their retractor muscles highly developed in the 
region of and below the acHnoplmrynx, but tapering abriiidly to iorni mere 
strands of muscular fibres posleriorly. Micromesenteries very minute, with 
well-developed parietal muscles but no retractors, eight in number, two in 
each suleulo-lateral, one in each lateral and sulco-lateral macromesenterial 
interspace. Aetinopliarynx short, sacculated, with a di>stinct sulcus and 
sulculus. No definite sphincter muscle. 

Length of contracted specimen, 40 mm. ; greatest diameter, 6 mm. 

Hah. Straits of Itakaiya, New Britain. 

In this single specimen of K. willn/ami seven macromeseiderios extend to 
the aboral end, one of the eight being shorter than tbe others. The aboral 
end is [)orforated by seven distinct pores leading into the seven aboral inter- 
mesenterial spaces. These pores arc not visible externally in the spirit- 
preserved specimen, but can easily be demonstrated in sections. Tbe 
detailed account of the situation and structure of these pores must, however, 
be deferred to a future paper. 


II. The Order of Succession of ihe lentacles and Micromesenteries 
in the Edwardsido:. 

I have been able to study the positions of the mesenteries and the 
relations of the tentacles to the intermesenterial chanibers in six sj)ecics 
of Edtvardsia with some degree of exactitude. In these species tlie number 
,of tentacles varies from ten in E. mammillata to thirty-two in E. carnea. In 
every case the number of mesenteries is tliesame as Ihcj number of tentacles — 
m ether wrds^ each tentacle corresponds to an intei mesenterial cl{;imber. 
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Other observers have given more or less dotailed accounts and figures of the 
relations of the tentacles to the mesenteries in various species of JEdwardsia ; 
and, comparing their work with my own, it seems that the mesenteries and 
tentiicles are formed in a regular and, on the whole, consistent sequence, which 
I shall attempt to describe in the following pages. Unfortunately, very little 
is known of the development of the Edwardsise, and in no case has the order 
of appearance of the micromesenteries and tentacles been determined. The 
youngest larvie described have the eight primary macromesenteries fully 
developed. 

Probably the youngi'st larva that has been studied is the one described as 
no. iv. of the larva? with eight mesenteries by E. van Beneden (3). This 
larva was not identified as an Edwardsia^ but it has all the appearance of 
belonging to that genus. It was ovoid in shape, without tentacles or buccal 
cone, and bad the eight characteristic Edwardsian mesenteries, each 
provided with a large and prominent reniform muscle-banner. Boveri (6) 
obtained larvae of similar character; in the youngest stage they were 
spheroidal and apparently without tentacles, but one of them was reared in 
an aquarium for three months and at the end of that time was 1 cm. long 
and showed Edwardsian characters, agreeing in colour and form with 
jE?. claparedii^ but had only eight tentacdes. 

Meyer and Mobius (17) in 1863 obtained many specimens of E, dtu)decim^ 
cirrata (= E. lutkeni) with from eight to eleven tentacles, but only figure 
one with nine tentacles. From this figure it appears that the insertions of 
the mesenteries on the peristomiul disc were marked by radiating lines of 
colour, as is usual in Edwardsi«e, and it is evident that the eight Edwardsian 
mesenteries are present and that an additional mesentery has been formed, 
probably in one of the lateral chambers. A single tentacle corresponds to 
each mesenterial chamber. With these may be compared the parasitic 
larva of Halcampa chrysanthellum^ fully described and carefully figured 
by Haddon (13). This larva has six pairs of Hexactinian mesenteries, 
but only eight tentacles, and it is notew^orthy that, w^ith the exception 
of the two corresponding to the directive endocceles, all the tentacles are 
exocoelic ; no tentacles are as yet formed in the dorso-lateral and ventro- 
lateral endocoeles. 

Patting this information together, it is evident that in the larval 
Edwardsia and also in the larval Ilalvampa the first tentacles to appear — 
w^hich I shall henceforth call the primary tentacles — are formed as pro- 
longations of the eight primary chambers into which the eoelenteron is 
divided by the eight so-called Edwardsian mesenteries. For convenience 
of description, these eight chambers may be called megacoales. It should 
be noted that in Hexaetinians two of these tentacles — namely, those of the 
directive niegaeceles— become endocoelic, six become exocoelic, and, as 
Faurot (10) has sliown in the esse of Ilpanthus parthenopmw^ these six are 
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the only exocoelio tentacles until three cycles of endocoelic tentacles are 
completed, when fresh tentacles are formed in the remaining exocoeles, 
making, with the six primary tentacles, the full complement of twenty- 
four. 

The next step is shown by my specimen of E. mammillata. This specimen 
is probably adolescent, and the secondary tentacles are just beginning 
to be formed. Here, as is shown in text-fig. 1, a inicromesentery has 
been formed in each lateral megacoele. Tliese micromesenteries correspond 
in position with the fifth couple formed in Hexactinian development, 
and might be considered homologous with them ; but in none of the 
specimens I have examined do they bear any trace of longitudinal muscle- 
banners, and, as I shall show in the sequel, there is no evidence to 
warrant our attempting to make an exact homology between (he micro- 
mesenteries of Edwardsidaj and the last two couples of the first cycle 
and the succeeding |)airs of mesenteries in Hexactinifc. As regards 
the tentacles in E, mammillata^ it is obvious from text-fig. I that the 
two directives, and the tentacles on each side of them, are primary ten- 
tacles and prolong the two directive and the two * dorso-lateral and 
veutro-lateral niegaccclic chambers. In each lateral chamber there are tw'o 
tentacles separated by the inicromesentery. I was not able to determine 
the point with certainty, but, so far as I could judge, the more dorsal of the 
two tentacles in eacli of these chambers was the smaller and situated nearer 
the edge of the disc than the rest. If this be indeed the case, the ventral 
tentacle in each chamber is the primary, the more dorsal a newly-formed 
secondary tentacle. As a rule, the primary tentacle is dorsal, the secondary 
tentacle ventral in the lateral chambers ; but in this matter E. mammillata 
agrees with E. claparediL 

Specimens of species of Edimnhia with 11-15 tentacles have been men- 
tioned by various aiitliors, but none of them has been studied in detail. 
Therefore, we must pass on to forms with sixteen tentacles, of which 
four species are known — K. claparedii^ E, heautempsii^ E. willeyana^ and 
E. adenenm. The first of these ditters in some respects from the next two, 
and, as I shall show, E. admensis is evidently an adolescent form of a 
species which has a larger number of tentacles when adult. E. daparedii 
has been thoroughly described by Andres (1). Of the sixteen tentacles, 
two are directives, two belong to each doj\so-lateral megacoele, two to each 
lateral megacoele, and three to each ventro-lateral megacoele (text-fig. 1). 
They are alternately long and short, and Andres’ figure shows clearly that 
the more ventral tentacle in the dorso-lateral and lateral inegacoeles is the 
primary, but the middle tentacle of the group of three in the ventro-lateral 
megacoele is the primary. Andreses figure also shows the eight inicro- 
tnosenteries, but he failed to realise their character and makes no mention 
of tibtem. 
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E, heautempsii^ described iu detail by Faurot (10), and E, wilUyana have 
the same number and arrangement, of micromcsenterios and tentacles, but 
differ from E. vlaparedii in the following respect : there are three tentacles 
in each of the dorso-lateral iiiegacades, the middle one of the gjonp of three 
being the largest and obviously the primary tentacle. There are two 
tentacles in each of the lateral and ventro-lateral megacades, and in each 
case the larger and more centrally jdaced primary tentacle is on the ventral 
side of the chamber, not on the dorsal as in E. claparedii. Evidently the 
precise order of the apj)earance of the inicromesenteries and tentacles in 
the megacoeles is liable to some variation within the limits of the genus ; and 
it is just this variation that negatives any attomj^t to homologize the micro- 
mesenteries that first arise in the lateral and ventrolateral megacades of the 
Edwardsise with the fifth and sixth couples of the first cycle of Hexactinian 
mesenteries. Were the order of appearance always the ^ame as it is iu 
jE. daparedii (and possibly in E> mammUlata) the homology would be 
justified ; for in this species the primary tentacle remains in what in a 
Hexactinian would be an cxocade, and the new secondary tentacle is 
formed in what in a Hexactinian would be an endocade, and tbns far 
the order of snccession would be exactly analogous to what has been 
recorded by Faurot (10) for Uyanthus pariheiwpans and by Haddon (13) 
for Halcampa chrysanihellam. But the different order of succession in 
E. mlleyana forbids onr extending this homology to the whole genus. In 
this species (and also in E. ihnida^ as I shall show further on), in both 
the lateral and ventro-lateral megacoeles, the primary tentacle remaiiivS in 
what in a Hexactinian would be the endocoele, and the newfy-f<»rmed 
secondary tentacle is in the exocoele. Further, when new microme.sen lories 
and tentacles are added, a.s is the case in E. timida, they arrive on the 
dorsal side of the primary tentacles (text-fig. 1 ), and therefore in what in a 
Hexactinian would be the endocccles. Thus a fundamental rule of the suc- 
cession of mesenteries in Hexactinians would be violated. The conclusion is 
that the mesenteries in question in the Edwardsia^ are not homologous witii, 
and certainly not homogeneous in the sense of being derived by descent from, 
the fifth and sixth couples of the first cycle of Hexactinian mesenteries. 

In E, rakaiyoi there are twenty mesenteries (eight macromesenteries and 
twelve micromesenteries) and twenty tentacles, disposed in a very regular 
manner, as is shown in text-fig. 1. In this species it is sufficiently obvious 
that the eight larger primary tentacles form the inner cycle^ and that it is 
the primary tentacle that occupies the central position in the group of three 
occupying each of the dorso-lateral^ lateral, and ventro-lateral megacoeles. 
It follows from this arrangement that the tentacles do not alternate as in 
E. daparedii and E* wUleyana^ but that there are four pairs of contiguous 
OhUNT cycle tentacles-^one member of each pair on either side of the dorso- 
kteml Md ventro-lateral maeromesenteries. In this spedies there is nn 
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evidence available to show whether the secondary tentacles appear on the 
dorsal or ventral side of the primary tentacles in the lateral and ventro- 
lateral raegacccles. I am inclined to the opinion that they appear, as in 
E. vsilleyana, on the ventral side, but chiefly because, if they do, the case o£ 
E. adenenm meets with a ready explanation. For if, after sixteen tentacles 


Text-figure 1. 



have been established in this species, tertiary mesenteries arise forming the 
microcodes marked .r, x in text-fig. 1, but the tentacles corresponding to 
'these microcoeles are retarded in development, we get precisely the condition 
described by Faurot for E. admensit, a species which has hitherto been 
regarded as an exception, because it has a greater number of mesenteries 


524 


PROF. GILBERT 0. BOXTRUB ON FIVE 


than tentacles* I think there can be no doubt that Faurot^s specimen 
had not attained its full growth and full complement of tentacles. In the 
two living specimens of E. timida kept under careful observation by 
G. Y. Dixon (6) there were respectively 20 and 22 tentacles. In both 
specimens of this species that I studied by means of sections there were 
twenty-four tentacles and twenty-four mesenteries. Dixon^s specimen with 
twenty tentacles^ referred to by him as was abnormal ; but his specimen 
with twenty-two tentacles exhibits an arrangement perfectly consistent 
with what I have observed. Jn Dixon^s specimen the arrangement 
of the tentacles is the same as in E. rukaiya^ but a quaternarv tentacle has 
made its appearance on the dorsal side of the primary tentacle in each of 
the dorso-lateral megacoeles. At least, this is what I surmise lias taken 
place, because in both my specimens of E, timida the largest number of 
tentacles and mesenteries is in this megacocle — so I have taken tlie liberty 
to reverse Dixon’s figure. He only studied the living animal, and could not 
tell, except by sections, which was the dorsal and which the ventral aspect 
of the animal. 

In my two specimens of E. timida the tentacles are twenty-four in numl>er, 
and there ore the usual eight niacromesenteries and sixteen micromesenteries. 
As studied in sections, the ientaclesare obviously of different lengths, and, 
though the relative lengths are not always a safe guide to the age of tentacles 
in Actinians, 1 do not think I am wrong in assuming that the conspicuously 
longer and larger tentacles in these specimens were formed earlier than the 
shorter and smaller, especially as both specimens give the same results in this 
respect. Each of the directive inegacceles is prolonged, as usual, into a 
single primary tentacle. The dorso-lateral inegaccele gives off five tentacles, 
of which the two outermost, respectively nearest the dorsal and dorso-lateral 
macromesenteries, are conspicuously longer than the others. Within them 
are two very short tentacles and in the centre a long tentacle, which is clearly 
the primary. The probable order of appearance of these tentacles is indicated 
by the numerals in text-fig. 1. In each lateral inegaccele there is only a 
single micromeseniery separating two unequally-sized tentacles. Of the 
latter the dorsal is decidedly the longer, and must be identified with the 
primary tentacle. My specimens have therefore a smaller number of 
mesenteries and tentacles in the lateral megacoeles than Dixon^s, though 
moi*e advanced in other respects. In the ventro-Iateral megacoeles there 
are three mesenteries dividing the peripheral part of the inegaccele into 
tour raicrocoelic chambers, from each. of which issues a single tentacle. 
That nearest the ventral directive is large ; the next one to it is small ; then 
follows a large tentacle ; then a small one, next to the ventro-Iateral macro- 
mesentery. In this chamber it is obvious that a quaternary tentacle has 
been formed on the ventral side of the primary. 
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Binoe writing the above, I have had the opportunity of studying a single 
example o£ JEdwardsia heaviempm^ de Q., and five examples of E, carnea^ 
Gosse, sent to me from Plymouth by the Director of the Marine Biological 
Station. 1 kept these animals alive in an arjuarium for some time, in 
the hope that I might obbiin larvae ; but, failing to observe any signs 
of reproduction, 1 killed and made sections of them. As regards E. beau- 
teinpmj I have nothing to add to Faurot’s account of the anatomy. The 
five examples of E. carnea were often ensconced in holes bored by Saxicaca 
in a small piece of limestone. It was impossible to extract them from their 
holes without injury ; so all five had to be killed at one operation, and only 
three were sufficiently w’ell preserved in an expanded condition to admit of 
microscopical examination. I will refer to these three as specimens A, B, 
and C. 

A had 24 tentacles — one in each of the dorsal and ventral directive 
megacoeles, three in the dorso-lateral, three in the ventroJateral, and four in 
the lateral chambers on each side of the body. 

In specimen B tliere were thirty tenbicles, disposed as follows : — One in 
each of tlie dorsal and ventral directive megacceles ; four in each of the 
lateral and ventro-lateral megacceles ; on the right side of the body (left in 
the drawing) five in the dorso-lateral megaccele, and seven in the corre- 
sponding megacoele on the left side of the body. In this specimen, therefore, 
growtli bail proceeded more rapidly in the left dorso*lateral megacoele than 
in the right. 

In specimen 0 there were thirty-two tentacles : five in each dorso- 
lateral megaccele, six in each lateral megacoele, four in each ventro-lateral 
megacoele, and the two dorsal and ventral directive tentacles. 

It is a good example of the irregularity of growth in Edwardsias that 
in A and (" the largest number of tentacles and mesenteries is in the lateral 
megacoeles, but in B in the dorso-lateral megacceles. In tlie living animals, 
w'hen fully expanded, no appreciable clifference in the length of the 
tentacles could he detected ; hut in all the live specimens, when expanded 
and in repose, every alternate tentacle was held straiglit out in radial 
fashion and the intervening tentacles were curled inw^ards towards the oral 
disc. So far as I could determine, the dorsal and ventral tentacles w^ere 
always curled inw'ards. 

It was impossible to judge of the age of the tentacles by their lengths in 
E. camea ; hut in specimen B, which was killed in a fully expanded 
condition, I was able to observe that the microniesenteries were of different 
lengths, and as the number of tentacles and microinesenteries in the dorso- 
lateral megacoeles of this specimen was different, it afforded an excellent 
opportunity of forming a judgment as to the order in which the micro- 
mesenteries and tentacles were develoi>ed. Text-fig. 2, which is founded 
on a combination of a series of transverse sections, shows that in the right 
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(left in the figure) dorso-lateral inegaccele the two inicromesenteries adjacent 
to macromesenteries extend nearly across the peristome to the actinopharynx, 
the two micromeseuieries in the middle of the chamber are shorter, but that 
on the dorsal side is markedl.y the shorter of the two. In the corresponding 
inegaccele on the left side, of the body (right in the figure) there are six 
inicromesenteries, of which the two adjacent to the macroinesenteries are the 
longest, the two in the middle of the chamber are very short, and the two 
others are of intermediate length. In each of the lateral and ventro-lateral 


Text-figure 2. 





1. Oral disc of a specimen of Edward^ia cmm/ea^ Gosse, with 80 tentacles, ei^ht macro- 
mesenteries, and twenty -two microniesenterieB. 

2-5. Djagrams of one of the dorso-lateral megacoeles, showing the probable order of 
development of the niicromesenteries and tentacles. «-(/, micromesenteries lettered 
according to their probable order of deveiopment,' tentacles. 


megacoeles there are three micromesenteries, of which the two adjacent to the 
macroinesenteries are the longest, the middle one being distinctly shorter. 

It can hardly be doubted that the longer micromesenteries are the older, 
the shorter the more recently formed. This rule holds good for all other 
Actinians, and there are no grounds for supposing that the Edwardsiee form 
an exception to it. On the assumption that the rule is applicable to this 
ease, my interpretation of the facts is given in .the series of diagrams of a 
single megaooele (text-^fig. 2, 2 to 5). 
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In 2 the niegacoile lias been divided ])eripherally into two inicrbcoeles by 
the formation ot* the nji(;ronie.sentery a. The primary tentacle of the original 
undivided megacade is inark(*d /, and the new tentacle 5 ? has grown out from 
the more dorsal inicrocoole. Jn 3 the inegacade has been subdivided into 
three niicrocddes by the formation of the iiiicromesentery 1/ ; the primary 
tentacle remains in the middle, ainl the new tentacle has sprouted from the 
ventral mierociele. Tins is (he condition found in all the dorso-Iateral, 
lateral, and vtnitro-laieral megacades in E, rakahfw. 

In 4 a new micromesentery c has l>een formed on the dorsal side of the 
primary ientnele, and in connection with it the new tentacle 4 has been 
formed. In the next stage (text-tig. 2, 5) a new micromesentery d has 
been formed on the ventral side of the primary tentacle, and the new 
tentacle has been formed in connection with it. This is the condition 
of the right dorso-biieral megaeade of specimen B and of both dorso-lateral 
inegaoadcs of specimen i\ The formation of two new micromeseiiteries, 
with tlieir corresponding teniacles, one on the dorsal side and one on the 
venti'al side of the |irimary tentacles, will produce the arrangement found in 
the left dorso-Iateral megacdde of specimen B. 

My examples A and 0 of E, aimea were not so fully expanded as 
example B, and their peristomes being crumpled it was not possible to 
determine the lengths of the microinesenteries with the same accuracy 
in sections ; but, so far as I was able to observe, they showed the same 
arrangement as has been described above. 

in the ventro-latcral megacades the order of appearance ot the micro- 
mesenbndes and tentatdes is the r<*verse of that described for the dorso- 
lateral niogac(ides, and in the lateral cdiambers it appears that the first 
inicromcsentery may a]»pear on the dorsal side of the primary tentacle, 
as in E. cht/ntrediij or on the ventral side, as in E. tcillei/aHa and 
tempsfi. 

It v.dll ho obser\ed that the inferences drawn from the study of the 
length of the niicronieseuteries in a single species confirm in e\ery respect 
the inferences drawn from the relative lengths and insertionsof the tentacles 
in a number c£ other species of the genus Edwanlsia, 

Siumning up the prec<‘ding argument, the law of the succession of the 
mesonteri(!s and tentacles in the Edwarilsia) may be stated as follows : — 

After the estaldishment of eight niacromesenteries dividing the ctelenteroii 
into eight megacades, each of the latter is produced in the peristomia! region 
into a single primary tenlacde. 

The two directive megaeoelcs are never subdivided, and never prolonged 
into more tlian one tentacle. 

In the capituluin the peripheral portions of the remaining megacades 
are subdivided into microcceles by the successive formation of micro- 
mesenteries. 
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The micromeBenteries appear singly, and nsnally in the following order 
on each side of the actinopharynx. First, a single raicromesentery in the 
lateral megacoele ; then a single micromesentery successively in the dorso- 
lateral and the ventro-laternl megacoele. In some cases, however (E. 
claparedil), the raicromesentery of tlie ventro-lateral megacoele is formed 
before that of the dorso-lateral. 

Usually in the lateral and ventro-lateral megaooeles the more dorsal of the 
two microcoeles formed by the first micromesentery bears the primary 
tentacle, the more ventral the secondary tentacle ; but the opposite is the 
case in E, claparedii and probably in E. mammillata. In the dorso-lateral 
megacoele the primary tentacle is always in the ventral of the first two 
microcoeles, the secondary tentacle in the dorsal. 

Succeeding micromesenleries are formed singly and always on the side of 
the primary tentacle furthest from the last^formed secondary tentacle. As 
the microcopies and the tentacles into which they are prolonged are always 
formed first on one si*lp, then on the other side of the primary tentacle, the 
latter always occupies a central or subeentral position in the megacude. 

The rate of growth is usually greatest in the dorso-lateral, next greatest in 
the ventro-lateral, and least in the lateral megacoRle ; hut in E. claparedii 
the rate of growth in the ventro-lateral megacoele seems to oulstrij) that 
in the dorso-lateral, and in some examples of E. earnea growth is most rapid 
in the lateral megacoeles. 

It is clear that, after the stage with eight mesenteries is reached, the 
sequence of mesenterial development in the Edwardsiw differs altogether 
from that of the Ilexactinians, and, indeed, frotii that of any known 
Actinian. The characterisiic feature is that any two micromesenteries 
of the same age in any given megacople constitute a eovph — that is to say, 
they arise as singles on opposite sides of the actinopharynx, and not in 
pairs in the exocoeles as in Hexactinians and . Zoanthids. Edwardsia 
therefore retains the bilateral mode of growth throughont its existence, 
and exhibits no trace of the biradiality characteristic of the second stage 
of growth of the Hexactinians. In this respect it shows some analogy 
with the Cerianthidse, but differs altogether from the latter in the fact 
that both the ventral and dorsal directive megacoeles remain undivided 
throughout life, and increase of growth takes place, on either side of the 
two directive chambers, and not in one of them. On the other band, 
tlie persistence of the two directive chambers in an undivided state is a 
feature which the Edwardsise share in common with the Hexactinim and 
the Zoanthese, and points to a fairly close alliance between the three groups. 
Theiw is, further, some analogy in the mode of growth of Edwardsise 
and Zoanthev, in that in both the addition of mesenteries after a certain 
stage proceeds more rapidly in certain megaceelefj bnt the Zoanthen are 
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much more specialised in this respect than the Edwardsiso. The out- 
standing feature, however, in the growth of the Edwardsise is that, after 
the eight-rayed stage is reached, the mesenteries continue to be formed 
in couples of singles and not in couples of as in the Dodecactiniaria 

and Zoaiithinaria. In short, the mode of development characteristic of 
the first four couples formed in the larvae of Zoanthego, Actinians, and 
Madreporaria is continued to the end in Edwardsidfo. This mode of deve- 
lopment is universally regarded as primitive. The Edwardsidai, then, retain 
the primitive mode of devolopraeni and growth throughout their existence 
and for this reason must bo regarded as a separate branch of a primitive 
stock in which only tour couples * of mesenteries were present. From 
this stock the Edwardsiaria, the Zoaiithinaria, and the Dodecactiniaria have 
been derived. 
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19. Contributions to the Morphology of the Actinozoa. Joum. 

Morph. V. 1891, p. 303. 

■ 90 . Phylogeny of the Actinozoa. Journ. Morph, v. 1891, p. 125. 

SI. Milne-Edwards, a., and J. Haimb. Hist. Nat. de Coralliaires, vol. i. 
1857, p. 285. 
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famille des Actinias. Ann. des Sci. Nat., ZooL (2) xviii. 1842, p. 65. 


EXPLANATION OF PLATE 5X. 
cap., capitulum ; pk., physa ; tne»,, mesenteries. 

Fig. 1. Edmrdtia mammiUata, n. sp. The specimea has burst below the capitulum, and 
the mesen^rial filaments are extruded. 

2. Edwardsia rugasa, n. sp. 

3. Edwardsia vemdfonms, n. sp. < 

4. Edwardsia rakaiga, u. sp. The animal has burst owing to excessive oontractian in 

spirit, and the inner wall of the introverted part of the scapus is exposed in the 
upper part of the figure. 

A. Edwardsia wilkgaita, n. The retracted animal has been cut in half longi- 
tudinally, and tiie figure shows the tentacles A, A, the actinopharynx a.p., tiie 
lonptudinal retractor muscles rM., and the mesenterial filaments m.f. Owing 
to excessive eontracrion in spirit, the oa]^tttlnm has been tom away finan tim 
scapus and haa been pulled down to the inude ol the lower half of the body. 
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[Synonyms and native names are printed in italics, A star * denotes the 
first publication of a name.] 


Acanthocystis, C'orirr, 126, 12S. 

chdPtopora, Leidy, mentioned, 128. 
turfacea, Archer, mentioned, 128. 
turfacea, Carter, mentioned, 126. 
Acartia clansi, Gieshr., mentioned, 86. 
Acetes indicus, M,-‘Edto,, mentioned, 
ftnote 220. 

Achatina (Llmicolaria) heuffUni, Martens, 
248. 

Acrma encedon {Linn), 2i, Trimen, 891, 
392. 

f. alcippina, Auriv., 891 , 892, 893. 

f. connnixta,Pott/^, 391 , 894-404, 

408-410. 

f. daira, Godm. ^ Sale,, 891, 392. 

f. infnscata. Stand,, 391, 892, 

894-412. 

f. lycia, Fabr„Sm, 892, 894-416, 

f. sgranzini, Boisd,, 891, 392, 395. 

esebria, Jletc., mentioned, 392. 
Acrididee, mentioned, 2, 8, 1 19, 

Acridiidffi, mentioned, 108. 

Acteeda amhlandue, G. M. Thomson, 436, 
445. 

Acteecia, Dana, 437. 

Actinia, GhneL, mentioned, 45, 
cylindrtca, Eeid, 46. 

Actinophryidse, 126, 210. 

Actinophrys sol, Ehrenb,, mentioned, 128, 
163, 

Actinospbasrium Eicbhornii (Ehrenh), 
Stein, mentioned, 126, 163, 210. 
JBoloeotna, Ekrenb,, mentioned, 96. 
beadleyit Beddard, 97. 


./Eolosoma bemprickii, Ehrenb., 97. 
.^olosomatidm, 96, 99. 

.^olothripidae, 496. 

.^olotbripince, 496. 
jEolotbrips, Halidat/, mentioned, 496. 
.^Etheria, Laur., 261 ; mentioned, 284. 
elliptica; Laur,, 251. 

var. tubifera, Sowerb., mentioned, 

261. 

.^theriidfe, 251. 

Ameira, Beech, mentioned, 90-92. 

Amiba, CockereU, mentioned, 129. 
Ammodiscus charoides, Jones Parker, 
mentioned, 278, 

Ammba, Ehrenb,, mentioned, 77, 129 ; 
capture of Stentor by, 164. 
dilHuens, Maggi, mentioned, 164. 
fluida, Gndter, mentioned, 123. 
g'uttula, Duj,, mentioned, 128. 

Umax, Duj,, mentioned, 123. 
nobilis, Penard, mentioned, 128. 
papgraeea, Penard, 214. 
pilosa, Cash, 202. 

proteus, Leidy, mentioned, 128, 153, 
164. 

pars, Leidy, 202. 

var. granulosa, Cash, 202. 

radiosa, Ehrenb., mentioned, 128. 

^ striata, Penard, 127; mentioned, 
12.3. 

terricola, Greed, 165, 214 ; mentioned, 

212 . 

villosa, G, WaUieh, 202; mentioned, 

154 . 


42 * 
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Amoeba verrucosa, Ekrenb.j 166, 214 ; 
mentioned, 123. 

vespertilio, Penard^ mentioned, 123, 

Amoebina, 123, 129, 166, 212, 214. 

Ampelisca spinipes, Boecky mentioned, 
172. 

tenuicornis, LUlj,^ mentioned, 172. 

Ampelita sepulchralis. F6mBs,, 385. 

Stravi, E. A, Smith, 886. 
xystera, Pfeiffi,, 385. 

Amphidiniuni, Clap, S^LacIm., mentioned, 
74, 76. 

aculeatum, Daday, mentioned, 79. 
crassum, Lohm.^ mentioned, 71. 
lacufitre, Stein^ mentioned, 72. 
longum, LoAm,, mentioned, 71. 
operculatum, Clap, Lachm,, On the 
Occun’enco of, in vast Quantity, at 
Port Erin (Isle (jf Man), by Prof. 
W. A. llcrdman, 71-75. 
rotundatum, Lohm.y mentioned, 71. 
sulcatum, Kofmd, mentioned, 72, 

Amphilochus manudens, Spence Bate, 
mentioned, 1 72. 

Amphipoda etc. collected from the * liana,* 
by A. 0. Walker, 171, 172. 

Ampbistomina, 1 20, 209. 

Amphitrema, Archer, 163. 

flavum, Penard, 163 ; mentioned, 
126. 

stenostoma, Niisslin, 163 ; mentioned, 
84, 126. 

Wrif?htianuni, Archer, 163 ; men- 
tioned, 84, 120. 

Amphiura Chiajii, Forbes, mentioned, 
172. 

Amphizonella flam, Greeff, 214. 

violacea, Greeff, mentioned, 128. 

Ampullaria, Lam,, mentioned, 234. 

kordofana, Philippi, 239; mentioned, 
240. 

var. elongata, Itocheh, ^ Germ,, 

mentioned, 239. 

mndagaacariensis, F. A, Smith, 380. 
purpurea, Jonas, mentioned, 241. 
wernei, Philippi, 240 ; mentioned, 
234. 

AmpuUariidflB, 239. 

Anaplecta, Burm,, mentioxied, 66, 68. 
cincta, Gerst., mentioned, 66 
inclusa ( Walker), mentioned, 66w 


Anaplecta sp., 66 ; mentioned, 68. 

Anasa tristis, Stdl, mentioned, 19, 486. 
Annelids of the Thames Valley, by Rev. 

Hildoric Friend, 95-106. 

Anodontn mbens, I^am., 269. 

Antedou bifida (Penn,), mentioned, 172, 
270. 

milleri ( Wyv, Thom,), mentioned, 
172. 

phalangiiim (/. Muller), mentioned, 
172, 270. 

tenella (Betzius), mentioned, 270. 
Antoro-dorsal parts of head of Schizoneura, 
314. 

Antero-ventral parts of head of Schizo- 
neura, 314. 

Anthozoa, their position, 614. 

Apatura clytie (Linn.), mentioned, 180. 
ilia, Schiff,, IW; mentioned, 193. 
iris, auci., 190. 

iris, Linn,, 180; mentioned, 181, 190, 
193. 

pseudoiris, Verity 190; mentioned, 
181. 

Aphanthopus hyperanthus (Linn,), men- 
tioned, 186. 

Aphareocaris, nom. aov. (Aphareus, Paul- 
son), a Genus of the Crustacean Family 
Sergestidae, by Dr. W. T. Caiman, 219- 
223. 

Aphareocaris, Cahnmi 219. 

elegaus, Caiman*, 219; mentioned, 
222, 223. 

Apbareus, Paulson, 219. 

inermis, Paulson, 219 ; mentioned, 

222 . 

Aphids, salivary pump, 310. 

Aphis rumicis, Linn,, mentioned, 817 ; on 
Chenopodium, 326. 

Aphrothoraca, 126. 

Aporia cratcegi (Linn,), 176. 

Araschnia levana (Linn.), Hiihn,, 182. 

prorsa (Linn.), Jliibn,, 182. 

Arcella, Ehrenb., 129, 166; mentioned, 
154, 204. 

angulosa, Pei*iy^ 129 ; mentioned, 
128. 

arenaria, Greeff^ 128, 166 ; mentioned, 
123, 212. 

arto«»ea, Leidy, 129 ; menUoned, 128,, 
131, 161. 
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Aicella aureola^ Maggii 

caudicola^ Ehrenb., mentioned, 21 !• 
costata (Ehrenb.), Penard, 129. 
curvata, Wailcf^^t 203; mentioned, 
204, 206, 218. 

dentata, Bkrenb,^ 129 ; mentioned, 
123. 

discoidee, Ehrenb., 130; mentioned, 
123, 128, 206, 212. 

dincoidesy Ehrenb., pars, Leidy, 203, 
204. 

homisphserica, Pertyj 130 ; mentioned, 
123, 127, 

ine^rastoma, Pmard*, 204 ; mentioned, 
206, 211, 212, 218. 
microstomay Penard, 128. 
mitrata, Leidy^ 130; mentioned, 123, 
129, 131. 

pileus, Ehreidf,^ mentioned, 210. 
polypora, Penard, 130 ; mentioned, 
123, 127, 204, 206. 

pars, Penard 207. 

pars, Wailes, 204. 

Uellaris, l*erty, 128. 

Tiilgaris, Ehrmh,, 130; mentioned, 
123, 128, 206, 212, 218. 

var. comprossa, Cash, 131; men- 

tiontjd, 123, 127. 

var. gibbosa (Penard), West, 

131 ; mentioupd, 123, J28, 212. 

pars. Cash, 130. 

pars, Leidy, 131. 

I'ulyaris, var. anytUosa, Leidy, 128. 

Arcellida, 123, 165, 203, 212. 

Argynnia adippe, auct., 190. 

adippe (Linn.), 182; mentioned, 194. 
aglflja (Linn.), 183. 
berecynthia (Poda), mentioned, 183, 
cydippe (Limi.), 182, 190; mentioned, 
183, 194. 

eris (Linn), mentioned, 182. 
espori, Ferity ♦, 190 ; mentioned, 183. 
lathonia (Linn,), 183. 
niobe (Xtnn.), 182. 

cydippe (Linn.), 190. 

eris, Miey», 190. 

niobe (Linn.), 190. 

auct,, 190. 

paphia (Xmn.), 183. 

syrinx (BorJehausen), menrioned, 183. 

Ariatias neglectaa, Hanun, mentioned, 172. 


Armadillidium vulgare Milne-Edw^^ 

292 ; mentioned, 287, 288, 293. 

Arphia tenebrosa, Sams., mentioned, 8, 

10 . 

Ascidia mentula, O. JF*. Midi., mentioned, 

281, 282, 283, 284, 286; variation 
in, 281, 283. 

venosa, O. F. MM., mentioned, 281, 

282, 283, 286. 

Assam species introd. into Madagascar, 
377. 

Astacilla longicornis (i^owerhy), mentioned, 
172. 

Asterias muelleri (Sars), mentioned, 172, 
270. 

miirrayi, Bell, mentioned, 172. 
rubens, Linn., mentioned, 172, 270. 
Asterionella Bleakeleyi, W, Stn., men- 
tioned, 35. 

Asteronyx Loveni, MuelL <5* Trosch., men- 
tioned, 172. 

Assulina, Ehrenb., 150, 169. 
minor, Penard, 160. 
muscorum, Qreeff, 12G, 127, 160, 208, 
213. 

scandinamca, Penard, 208. 
seminulum, Leidy, mentioned, 128, 
128, 160. 

pars, Leidy, 160. 

var. scandinavica, Penard, 208. 

Awerinzewia, Schaut., 143, 168. 

cyclostouia (Penard), 143-1 66; 

mentioned, 125, 211, 213. 


Backcross results, 473. 

Bagnall, H. S., On the Classification of the 
Order Symphyla, 196 199. 

Banana, species introd. with, 377. 

Basommatophora, 241 ; from Madagascar. 
380. 

Bathia, JRobson *, 383. 

madagascariensis, Robson ♦, 382, 383, 
389. 

Baylis, H. A., Some Observations on the 
Tentacles of BUnnius gatton'uyine, 295- 
306. 

Bdellura. Nitocrameira hdellurm, nov. 
gen. et sp., a Copepod of the Family 
Canthocamptidm, parasitic in ths Egg- 
eases of, by J. A. Liddell, 87-94. 
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Bdellura Candida, Girard^ mentioned, 87, 
98. 

propinqua, Wheeler^ mentioned, 87, 
98. 

Bdelluridffi, mentioned, 87. 

Benthesicjmufl investigatoris, Ale, ^ 
Ander8.f mentioned, ftnote 230. 

Bichieta, Bretaeherj mentioned, 99. 
Biddulpbia mobiliensia. Bail., mentioned, 
86 . 

Biomyxa vagans, Leidy, mentioned, 128. 
Bitbjnia boisaieri {Hagg), Chai'p., men- 
tioned, ftnote 286. 

Blatta haltica, Germar & Berendt, 61. 
gedanenais, Germar & Berendt, 60. 
pact/lea, Ooquebert, 66. 

Blattidee enclosed in Amber, the British 
Museum Collection by H. She! ford, 69- 
70. 

Blattinse, 68. 

Bleunius gattorugine, Bloch, Some Obser- 
Tations on the Tentacles of, by 
H. A. Baylis, 296-806; fig., 296; 
mentioned, 804, 305, 806. 
ocellaris, Linn,, mentioned, 296, 298, 
804, 306. 

Bothrioneuron {Stoic) ss Botbrioneurum, 
Michaehen, mentioned, 102. 

Bxacbystola, Scudd,, mentioned, 2. 

magna (Otr,), Scudd,, mentioned, 2, 9, 
10 ; chromosomes in, 1 1, 18. 
Branchiura Sowerbyi, Beddard, 101. 
Biissopsis lyrifera, Forh,, mentioned, 172. 
British Bhizopods, J. M. Brown on, 
77-86. 

Brown, Jas. Meikle, Observations on some 
New and Little-known British Bbizo- 
pods, 77-86. 

Buccal folds of SchizoneUra, 318. 

Buceinum Jlumifteum, Gmel., 378. 

Bolimina aculeata, d^Orb,, mentioned, 278. 
elegans, d*Orb,, mentioned, 278. 
marginata, d'Orb., mentioned, 274. 
pupoides, d^Orh,, mentioned, 278. 
snbteres, Brady, mentioned, 278. 
Bulimime, mentioned, 278. 

BuXmua amarula, Brug., 879. 
clavator. Petit, 585. 
hafnbeul, Brug., 248. 

' nilotiom, Pfeiffer, 250. 

BuUinula, Penard, 181. 


BuUinula indica, Penard, 181, 214 ; men* 
tidned, 12-3, 211,212. 

BuUinua dybowskii, Fischer, 244. 

Bunodes tballia, Ih\ron, mentioned, 6. 
Burtoa, B<nirg., 260. 

nilotica, Ifeiffer, 260 ; mentioned, 284. 


Cselatura, Conrad, 252. 

ingyptiaca, Caill,, 263 ; mentioned,. 
268. 

var. shambiensis, Longstq^*, 

263 ; mentioned, 268. 
nilotica, Caill,, 262. 
parreyssi, Philippi, 264; mentioned^ 
268. 

var. elongata, Longatnf*, 265; 

mentioned, 268, 

var. obliqua, Longataff*, 266; 

mentioned, 268. 

sobaensis, I^eston*, 266; mentioned, 
268. 

Calanus, Leach, mentioned, 27, 28, 30, 34. 
helgolandicus, Sara, mentiojied, 27, 
28, 86. 

Calliactis parasitica, Verrill, mentioned, 
63. 

Callieetis, p. 6i3 err.ssprcec. 

Oallophrys borealis, KruL, 191 ; mentioned^ 
187. 

fervida, Staudinger, mentioned, 187. 
immaculata, Fucka, mentioned, 187. 
polorfs, Mbachler, 191 ; mentioned, 
187. 

punctata, Tutt, mentioned, 187. 
rubi (Linn,), 187. 

— borealia, Krul., 1 87, 191. 

polaria, Moschl., 187, 191. 

— rubi [Linn,), 191. 

virgatus, Verity *, 191. 

virgatus, Verity, mentioned, 187. 

Oallosune (misprint T.) omphale, men- 
tioned, 179. 

Caiman, Dr. W. T., On Aphareocaris, nom. 
noT. (Apbareus, Patilaofi), a Genus of 
the Crustacean Family SergestidsB, 219- 
228. 

Caloptenus femur-rubrum [Be Geer) Burm.^ 
mentioned, 9, 18, 19. 

Calycuonificus, Oollinge^, 609, 611. 
bodkin!, ColUnge 609, 611. 
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Camposcus, Leidy^ 151. 

niinutus, renard, 151 ; mentioned, 
126, 128. 

Oampylaspis glabra, O, O, Sar$, mentioned, 
271. 

Oanthocamptidm, 93. 

Capsellina bryorum, Penard, mentioned, 
80, 81. 

timida, Brown *, 80 ; mentioned, 85. 

Caryophyllia smithi, Stokes, mentioned, 
270. 

Centropages hamntus, Sars, mentioned, 85. 
typica, Kray., mentioned, 35. 

Centropyxia, Stein, 166; mentioned, 153. 
aculeate (Ehrenb.), Stein, 156; men* 
tioned, 123, 128, 212. 

var. discoidea (Ehrenb,), men- 
tioned, 123, 128, 202, 212. 

var. ecornis {Ebrenb,), Leidy, 

mentioned, 123, 212. 

var. hemispherica {Barnard)^ 

Waites, mentioned, 212. 

var. spinosa, Cash, mentioned, 

123. 

arcelloides, Penard, 156 ; mentioned, 

212 . 

laevigata, Penard, 156; mentioned, 
123, 127. 

Ceratinopicra, Bmnn, mentioned, 62, 64. 
miocenica, 64; mentioned, 

68 . 

Ceratium, Schrank, mentioned, 31. 

f urea (Ekrenb,), Clap* Lachm,, men- 

tioned, 35. 

fusus (Ehrenh,), Dnjard,, mentioned, 
35. 

tripos, Nitzsch, mentioned, 28, 36. 

Cercus spinosus, Herlwiy, mentioned, 53. 

Chadwick, H. C., List of the Echino- 
dermata collected by the ^liuna,’ 171, 
172. 

Chmtoceros, Kiitz*, mentioned, 29, 30, 31. 
borealis, Bad,, mentioned, 29, 35. 
contortum, Setadt, mentioned, 20, 34, 
85. 

debile, Cltve, mentioned, 35. 
decipiens, Clew, mentioned, 29, 84, 85. 
densum, Cleve, mentioned, 35. 

. aubtile, CVeve, mentioned, 35. 
teres, Clew, mentioned, 85. 

Chsetogaster crystallinu^ Vejdowhy, 98. 


Ohaetogaster diaphanus, GruitK, 98. 

diastrophus, Gruith*, 98. 

Charaxes jasius {Linn.), 180, 190. 

septentrionalis ♦, Verity, 190 j 

mentioned, 180. 
jason (Lmn.)=ja8ius, 180. 

Chauvin, Ilerschell, Gastropods coll, by, 
375. 

Chenopodium album attacked by Aphis, 
825. 

Chirothripoides, Bagnall *, 505. 

typlcus, Bagnall *, 506, 507. 
Chirothripoidiidft, Bagnall’^, 505. 
Ohondractinia, Luthen, mentioned, 53, 54. 
Ohortbippus curtipennis, Bolivar, men- 
tioned, 117. 

parailelus, Bolivar, mentioned, 117. 
Chortopbaga viridifasciata (De Geet'), 
Sauss., mentioned, 8, 10. 

Chromatin Kod-Lengths, being a Further 
Study of Chromosome Dimensions, by 
C. F. U. Meek, 107-119. 

Chromosome Dimensions, 107-119. 
Chromosomos of Euscliistus, 353, 478-486. 
Chrysophaniis eonfluens, Gerhard, men- 
tioned, 188. 

dispar {Haw.), mentioned, 188. 
eurybia, Ochs., mentioned, 187, 188. 
hippothoe i^Linn.), 187 ; mentioned, 
188. 

■ hippothoe {Linn.), 191. 

mirus, Verity*, 191. 

stiebori, Oe^'kard, 191. 

oranula, Fryer, mentioned, 187. 
phlieas {Linn.), 188. 
virgaureae inalpinus, Verity*, 191; 
mentioned, 187. 

Cicada, Linn., mentioned, :i09, 310. 
septemdecim, Linn.^ 309. 
tibicen, Linn,, mentioned, 18. 

Cimex lectularius, Linn., mentioned, 310. 
Clathrulina Cieukowskii {Meresch,), 
Penard, mentioned, 12(5. 
elegaus, Cienkowski, mentioned, 126. 
Clathrulinidos, 126. 

Clavator Balstoni, Pilsbry, 386. 
clavator (Petit), Bilbson ♦, 385. 
eximius, Pilsbry, 385. 
eximius (ShuttL), Eobson *, 385. 
Grandidieri, Pilsbry, 386. 
obtusatus, Pilsbry, 385. 

e 



536 


INDEX. 


Clavelina, Sav,, mentioned, 166. 

Cleopatra, Troschel, 238. 

bulimoides, Olivier^ 238; mentioned, 
234. 

muliilira^ Anrey, 377. 

Ancey, 377. 

trabonjiensis, JSl A, Smith, 377. 
Terreauxiana, Bourg^ (Hiigg), men- 
tioned, ftnote 236. 

Clitellio arenariue (0. F. MulL), Sav., 101. 
Clypeal folds of Schizoneura, 312; — 
sclerites of Schizoneura, 313. 
Clypeo-labrom of Schizoneura, 312. 
Glypeus of Schizoneura, 312. 

Cobitis, mentioned, 301. 

Coccids, salivary pump, 310. 
Oochliopodium bilimbosum {AtierL)y Leidg, 
mentioned, 213. 

bilimbosum (Greeff), Calkins, men- 
tioned, 126. 

echinatum, Korotnef, 207. 
granulatum, Penard, 77 ; mentioned, 
86 . 

veetitum, Archer, mentioned, 128. 

pars, Leidy, 207. 

Oochlogena flammata, CM., 246. 
Codonella lacustris, Entz,, mentioned, 138. 
Coenonympha arcanius {Linn.), 186. 
hero {Linn.), 186. 
pamphilus {Linn,), 180. 

Oolias alexandra, Edw., mentioned, 179. 
hyale {lAnn^, 179. 

])al8eno (Xtmt.), 179, 

Collinge, W. E., On the Kange of Varia- 
tions of the Oral Appendages in some 
Terrestrial Isopods, 287-294. 

Oolomastix pusilla, Gruhe, mentioned, 172. 
ConchuUna, 123, 129, 166, 208, 212, 214. 
Conilera cylindracea {Mont.), mentioned, 
271. 

Conostoma consanguineum, Sow., 379. 
Copepod, juv., mentioned, 86. 

nauplius, mentioned, 36. 

Copepoda, mentioned, 30. 

Corbicula, Megerle v. MuhJtf., 262; men- 
tioned, 286. 
artini, Pallary, 262., 
consobrina, CaiiL, 262. 

Umgeriam (Bouvg.), Q^jm., 262. 
pusilla, Parr., mentioned, ftnote 236. 
radiata, Parr., mentioned, ftnote 236. 


Coiixa, Geoffr., mentioned, 809. 

Corophium bonellii , MUne^Edw, , mentioned, 
271. 

Correlation of Somatic Characters and 
Chromatin [iod-Lengths, being a Further 
Study of Chromosome Dimensions, by 
C. R U. Meek, 107-119. 

Corycia, Dujard., 131. 

aculeata (Greeff), Awerinzew, 214 ; 

mentioned, 211, 212. 
coronata, Penard, 214. 

var. sim2}lex, Penard, 214. 

flava (Greeff), Penard, 123, 131, 214 ; 
mentioned, 212, 215. 

var. coronata {Penard), 214; 

mentioned, 211, 212. 
penardi, Awerinzew, 214. 

Corydiinae, 68. 

Corynothrips, WtUiame, 496. 

Corythion, Tardnek, 162. 

dubium, mentioned, 126, 127, 

152, 211. 

pulchellum, Pmard, mentioned, 126, 
128. 

Coscinodiscus concinmis, W. Sm., men- 
tioned, 31, 35. 

radiatue, Ehrenb., mentioned, 36. 
Couple, term defined, 629. 

Crab zoea, mentioned, 36. * 

Craniothrips, Bagnall 501. 

urichi, Bagnall^, 604. 

Cressa dubia, Spence Bate, mentioned^ 
172. , 

Critliionina mamilla, Croes, mentioned, 273. 
Crossing of two species of Euschistus, 337. 
Crypto^fliugia, Penard, 133. 

compressa, Penard, 133; mentioned, 
124. 

eboracensis, Wailes, 1«33 ; mentioned, 
124, 201. 

oviformis, Penard, 133; mentioned, 
124. • 

Cubaris, Brandt, mentioned, 417. 

sttteri, Chiltm 425, 427. 
Cucurbitella, Penard, 133. 

mespiliformis, Penard, 138; men- 
tioned, 124. 

Oyaniris aipolus {JAnn.), 190. 

(^doetoma hudimoides, Olivier, 236. 
carvna^a, Olivier, 240. 
micdlor, Olivier, 287. 
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Cylisticus convexus (fie Oeer), mentioned, 
288. 

Cynthia, Sav., mentioned, 280, 281. 
Stuhenrauchii, Michaelsen, 280« 
teeeellaJtaj Forbes, mentioned, 279. 

CynthiinsB, mentioned, 279. 

Cyphoderia, ScMumb.^ 151 ; mentioned, 
J30. 

ampulla (Ehrefib,), Scklumb., 161 ; 
mentioned, 126, 128, 131, 213. 

var. major, Penard, mentioned, 

161. 

var. papillata, Watien^ men- 
tioned, 127, 161. 

trochus, Penard, mentioned, 151. 

var. amphoralis, Wailte, 161 ; 

mentioned, 126, 128, 201. 

Cyrena coneolmna, Caill., 262. 

Oyreuidffi, 262. 


Dactylosphferiiim radiosuin, Butschli^ men- 
tioned, 123, 128. 

Danaida chrysippus (Linn.), (fodt,, 392, 
396. 

f. alcippus (Cram.), 393, 394, 

396, 403. 

f. dorippus, Kluy, 392, 406, 

Dero, Oken, mentioned, 98. 
olenria. Friend*, 98. 
stuhlnianni, iStieren, mentioned, 99. 
Desmotlioraca, 126. 

Deto, (rvMn, 436-466, cf. 437 ; as sub- 
gen., 439, 440. 

acinosn, Budde-Lund, 436, 441, 443, 
466, 460. 

armata, Budde-Luml, 436, 441, 443, 
453. 

aucklaudim, Chilton, 438, 442, 446, 461, 

462, 463, 466. 

bucculenta, Chilton* , 438, 449, 461, 

463, 456. 

ecbinata, (luirin, 486, 436, 442, 463, 
466, 

maynijka, Budde-Lund, 436, 445, 
447. 

marina, Budde-Lund, 444, 453, 466. 
novee-zealandiat, Chilton, 449. 
rohueta, Budde-Lund, 436, 445, 447. 
^inieomw, Brandt, 485. 
wkitei, Kinahan, 485, 486, 440. 


Bhan, species introd, with, 377. 
Biaphoropodon mobile, Archer, 209. 
Diatom, golden-yellow Naviculoid, men- 
tioned, 74. 

Diazona, Sav., mentioned, 165, 166-170, 
276, 277, 278. 

hebridica, Alder, mentioned, 166. 
hebridica-violacea, var., Forbee, men- 
tioned, 168. 

intacta-violacea, var.,Xa^r., mentioned, 
168. 

violacea, Sav., 166, 276; mentioned, 
163, 166, 167, 168, 169, 171, 269, 
285. 

var. hebridica, Forbes Goodsir, 

mentioned, 168, 169. 

Dieaiothrips brevicornis, Bagmll^ 499, 
607. 

distinct! s, Bagnall, 499. 
foveicollis, Bagnall, 499. 

IsBvicollis, Bagnall, 499, 600. 
Dictyocylindrus stuposus (Mont), Bow., 
mentioned, 271. 

Difiiugia, Leclerc, 132, 166; mentioned, 
169, 211. 

acuminata, Ehrenh., mentioned, 123, 
128. 

pars, Leidy, 132, 206. 

var. intlata, Penard, mentioned, 

123. 127. 

amphora, Leidy, mentioned, 127. 
amphora, Penard, mentioned, 206, 
amplioralis, Jlopkinson, . mentioned, 

123. 127, 206. 

antarefiva, Ehrenb., mentioned, 211. 
arcula, Leidy, mentioned, 123, 132, 
166, 169. 

bacillariarum, Ptrty, 132 ; mentioned, 
123,101. 

var, elegans (Penard), Cash, 132 ; 

mentioned, 123, 127, 101, 

var. teres ( Penard), Cash, men- 
tioned, 123. 

bacillifera, Penard, mentioned, 124. 
bicomis, Penard, 205 ; mentioned, 
218. 

hieuspidatu, Rhumbler, 205. 
brevicolla. Cask, mentioned, 124. 
compressa, Carter, mentioned, 128. 
constricta (Ehretih,), Leidy, 166 ; men- 
tioned, 124, 128, 181, 169, 212. 
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Dif&ugia comuta, Leidj^ mentioned, 128. 
corona, G, Wallich^ mentioned, 124, 
206. 

cratera, Leidy^ mentioned, 133. 
elegans, Pmard, mentioned, 128. 

pars, Penard, 206, 

equicalceuSf pare, Leidy, 206. 
fragoaa, Hmnpel^ mentioned, 154. 
globularUf Leidy, mentioned, 128. 
ghhuloMy Leidy, mentioned, 128. 
globulua (Ehrejih,), Hopkiusonf men- 
tioned, 124, 128. 

gramen, Penard^ mentioned, 124, 127, 
128,212. 

hennitana, Ehrenh,, mentioned, 211. 
hydrostatica, Zach.^ mentioned, 127, 
lanceolata, Penard ^ 206; mentioned, 
127. 

Leidyi, Wailes^, 132; mentioned, 
124, 127, 101. 

limnetica, Lemnder, mentioned, 124. 
lobostoma, Leidy^ mentioned, 124. 

pars, Leidy, 133, 

lucida, Penard^ mentioned, 124, 212. 
nodosa, Leidy ^ mentioned, 128. 
oblonga, E/irenh*, 156; mentioned, 
124, 128, 212. 

var. atricolor, Penard^ mentioned, 

127. 

var. claviformis, Penard, men- 
tioned, 127. 

var. cornuta, Leidy, 132 ; men- 
tioned, 124, 128, 201. 

— var. lacustris {^Penard), Cash, 
mentioned, 124. 

var. nodo.<<a, Leidy, mentioned, 

124, 128. 

var. venusta {Penard) Caeh, men- 
tioned, 124, 212. . 

olliformis, Lagerheim, 206 ; mentioned, 
218. 

oviformis, Caeh, 133 ; mentioned, 124, 

201 , 202 . 

Penardi, Hapkinsm, mentioned, 124, 

127. 

pbiala, Ehre^tb,, mentioned, 211. 
pristis, Penard, 156 ; mentioned, 124. 
pulex, Penard, mentioned, 124. 
pyriformis, Perty, 156; mentioned, 

128. 

pars, Leidy, 206. 


Difflugia rubescens, Penard, mentioned, 
124, 127, 201. 
sphagni, Leidy, 142. 
spiralis, Ehrenb., mentioned, 128. 
submqualis, Penard, mentioned, 206. 
tuberculata {G, Waliieh), Archer, 
mentioned, 124, 127, 202. 

— var. minor, Penard, mentioned, 
124, 202, 212. 

tuberculosa, Hempel, mentioned, 154. 
urceolata. Carter, mentioned, 124, 201, 
206. 

var. amphora, Leidy, 206. 

vas, Leidy, mentioned, 128. 
vescidula, Penard, mentioned, 127. 
Biiilugiee, mentioned, 211. 

Difflugina,'l23, 205, 212. 

Binamoeba mirabilis, XeiVy, mentioned, 128. 
Biiiodagellates, mentioned, 73, 74. 
Binurotbrips, Hood, 495. 

Biplophrys Archeri, Banker, 209; men- 
tioned, 128, 210. 

Bissosteira Carolina, Sauss., mentioned, 8. 
Ditrerna Jiuimm, Archer, 15^1. 

Bitylium BrigbiwelUi, Ormu, mentioned, 
36. 

Bivarlcator muscles of Scbizoneura, 316. 
Bodecacorallia. 514, 515, 

Bomiuauce, 467, 468. 

Brosera rotundifolia, Linn., mentioned, 

201 . 

Brosopbila, Fall., mentioned, 475. 

Bytiscus margiualis, Linn., mentioned, 19. 

Ecbinodermata, List of, collected by the 
< Kuna,’ by II. 0. Chadwick, 171, 172. 
Ecbinoderms, Plutei of, mentioned, 35. 
Echinus acutus, Lam,, mentioned, 270. 

esculentus {Linn.), mentioned, 172. 
Ectobiinas, 68. 

Ectobius, Westw,, mentioned, 62. 

balticus, Gerfnar ^ Berendt, 61 ; men- 
tioned, 68. 

Edwardaia, ^atr., 5 new spp., 513-530. 
adenensis, Eaurot, 514 ; tentacles, 
523. 

beautempsia, Quatr,, 514, 518, 625; 

micromeeenteries, 522. 
cedlinwrpha, Goase, 518. 
camea, Gosss, 519| 525 ; 626, 627. 
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Edwardsia claparedii, Pane., 521 ; ten- 
tacles, 622 ; megacoeles, 627. 
duodecimeirrhata. Sars^ 620. 
liitkeni, Andres^ 520. 
mammillata, Bourne *, 616 ; men- 
tioned, 519. 
piidica, Klmtz.y 617. 
rakanjae, Bourne*, 618; mesenteries, 
622 ; megacoeles, 627. 
rugosa. Bourne*, 610. 
timida, Quatr,, 622 ; tentacles, 624. 
vermiformis, Bourne *, 61 7. 
willeyana. Bourne*, 619; tentacles, 
522, 623 ; rnegaoades, 627. 

Edwards] aria, Bourne*, 616. 

Edwardsid]^!, Andres, 616. 

Efferent canal of Sekizoneura, 319. 

Ejector canal of Schi*/oneura,319. 
Elmorkanis cincta, Oreeff, mentioiieu, 128, 
210 . 

Enchytresida), mentioned, 96, 90, 100. 
Endoskeleton of 8chizoneura, 314. 

Epimeiia cornigera {Fabr.), Bate Westw., 
mentioned, 172. 

Epinephile fortunata, Afp/i,, 191; men- 
tioned, 184. 

jnnira (Linn,), 191 ; mentioned, 184, 
186. 

jurtiiia (Linn.), 184; mentioned, 185, 

jurtina (Linn.), 191. 

var. fortunata, Aiph., 191. 

Tar. jauira (Lmn.), 191. 

tithoniis (Linn.), 186. 

Epipharvnx of SSchizoneura, 312, 310, 317. 
Epizoantlius cuuchii (Johmt.), mentioned, 
270. 

incrustaus (Dulh ijr Kor.), mentioned, 
270. 

Erebia ligea (Linn.), 183. 

Erich tbonius brasiliensis (^I)am), men- 
tioned, 172. 

Esperclla lingua (Bow.), Vosm., mentioned, 
271. 

Eucampia zodiacus, Ehrenh., mentioned, 
85. 

Eucbffita norvegica, Boeck, mentioned, 27. 
Ettohloe belia, Cramer, 190. 

belia (£tn».)| 178, 190; mentioned, 
178, 179. 

caidamines (I4nn.), 178. 

erameri, ButUr, 190 ; mentioned, 178. 


Euebloe eupbeno (Zzntt.), 178, 190; men- 
tioned, 178, 179. 

eupbenoides (Linn.), mentioned, 178. 
Eudorella emarginata (Krby.), mentioned, 
271. 

Euglypha, Dujard., 144, 169 ; mentioned, 
81-88, 122, 146, 149, 153, 211. 
alveolata, JJuJard., 145, 169; men- 
tioned, 82, 126, 128, 144, 149, 
213. 

pars, Leidy, 146, 147. 

var. cirrata, Wailes *, 145 ; men- 
tioned, 126, 127, 144, 101, 201, 202. 
var. minor, Tar duck, 146 ; men- 
tioned, 144. 

armata, Wailes, mentioned, 125, 127, 
144, 147, 148, 202, 213. 

var. brevispina, Penard, men- 
tioned, 125. 

var. Ilexuosa, Penard, mentioned, 

12.5. 

aspern, Penard, mentioned, 144, 147. 
bracliiata, Leidy, 146 ; mentioned, 
126, 144, 1 01.* 

— pars, lieidy, 146. 

var. lib rata, Hailes*, 146; men- 
tioned, 125, 127, 144, 161. 
bryophiln, Brown*, 82; mentioned, 
83, 86. 

ciliata, Ehrenh., 160; mentioned, 125, 
128, 144, 213. 

f. glabra, Tirades, mentioned, 126, 

144. 

f. heterospina, Wailes, meniiouQd, 

126, 144. 

pars, L^tdy, 148, 160, 208. 

var. striyosa pars, l^eidy, 149. 

compressa, Carter, 160; mentioned, 

126, 127, 144, 213. 

— f. glabra, Wailes, mentioned, 125, 

127, 144. 

crenulata, Wailes*, 147; mentioned, 

125, 127, 138, 144, 161, 201, 202. 
var. minor, Wailes*, 148; men- 
tioned, 126, 138, 144, 101. 

cristata, Leidy, 146; mentioned, 82, 

126, 160, 213. 

var. acicularis, Wailes *, 147 ; 

mentioned, 122. 144, 161. 

var. major, Wailes 146 ; men- 
tioned, 125, 144, 161. 


K 
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Euglypha dentieulata, Brawny 207; men*^ 
tionad, 213. 

var. minor^ WaileSy mentioned^ 

134. 

dlifera, Penardy 148, 130 ; men- 
tioned, 125, 127, 144, 161, 208, 213. 
fiiiferay fonn ** C,*’ Wailesy 208. 
filifera var. pyriformis, Watles *, 208. 

var. spinosa, Wailes^, 149 ; men- 

Uoned, 126, 127, 144, 148, 161. 
lieviH, Perty, 160 ; mentioned, 82, 126, 
144, 213. 

mueronata, Zeidt/, 149; mentioned, 
126, 144. 

rotunda, WaileSy 160; mentioned, 125, 
144, 201, 202. 
seandinavicay Penavd, 208. 
acuti^era, Penard, mentioned, 147. 
fitrigoaa {Bhrenh.)y Leidy, 149, 160; 
mentioned, 125, 144, 213. 

f. glabra, Wailesy mentioned, 126, 

144, 213. 

f. heterospina, Waiks ^ Penard, 

208 ; mentioned, 125, 144, 213. 

var. muscorum, WaileSy 160, 160, 

208; mentioned, 125, 127, 144, 213. 

Euglyphina, 125, 126, 159, 207, 213. 

Eulainellibraiichiata, 251. 

Eulota similavis, F&t'u8s,y 384. 

Eupatbithripidffi, 500. 

Eupathithrips, Bugnall, 500; mentioned, 503. 
adinis, Bagnall 501, 507 ; mentioned, 
500. 

dentipes, BagnaUy 500, 507. 
silvestrii, Bagnall ♦, 501 , 607 ; men- 
tioned, 500, 503. 

Eupera, Bourg,, 263. 
jickeli, B<mrg,y 263. 
letoumeuxi, Bourg,, 263 ; mentioned, 
230. 

parasitica, 263. 

Euryetheus maculatus {Johnst,), men- 
tioned, 172. 

Euschistus, DaUas, crossing of 2 epecies 
(Foot & Strobell), 337-373, pis. 28-34. 
crassus, DaUa»y mentioned, 350. 
ictericus, JDa//aa, mentioned, 343, 360. 
sefvus (Sag), crossed, 337-373 ; male 
organ, 457-493. . 

variolarius (PaL Beauv,), crossed, 337- 
273 ; male organ, 467-493. 


Eiithyneura from Madagascar, 380. 
Entbyrrhapba, Burm., mentioned, 62. 

pacifica( 66 ; mentioned, 69, 

68 . 

Evadne nordmanni, lA>vin; mentioned, 85. 

Ficulina drus, Orag, mentioned, 271. 
Follicles of the Testis of Stenobothrus, 
6—8, 

Forbesella, Herdm^ mentioned, 280, 281. 
stubenrauclii {Miohaelsen)y Her dm*, 
281. 

tessellata (PorheB)y Ilerdm., 279; its 
systematic position, 279, 280, 281, 
285 ; mentioned, 269. 

Forbesia, Lac.-lluth. & Delage, mentioned, 
280. 

Fore-head, defined (Davidsop), 310, 311 
note. 

Forficula, Zinn.y mentioned, 112, 
Frankliniella, Kamgy 498, 

cephalicus, Crawfordy 499. 
insularis, Bagnall ?, 498. 
melanommata, WillianUy 499; men- 
tioned, 495. 

tritici Bagually 409. 

Franklinothrips vespifomiis, Crawford, 498. 
Fredericia, MichaekeUy mentioned, 95. 
Friend, Rev. Hilderic, Some’ Annelids of 
the Thames Valley, 95-106. 
Frondicularia spathulata, Bradg, men- 
tioned, 273, 

Fronsss Fore-head (Davidson), 311 note. 
Funiculina, Lam,y mentioned, 274, 275. 
quadrangularis (Pallas), Lam., 163, 
273 ; mentioned, 164, 269, 274, 285. 

Galathea dispersa, Sp. Bate, 429. 
intermedia, 429. 
strigo^j Fabr.y 429, 

Gammarus dueheni, LiUj., mentioned, 271. 
Garbia, Trgon, 237. 

sennaarica, Kuater, 287. 

Gastropoda, 237 ; from Madagascar, 375. 
Gastropods, larval, mentioned, 35. 

Genital spot of Euschistus, 342, 460-466. 
Gilchrist, J. D. F., A Freenswimming Nau- 
plioid Stage in Palinarus, 225-^231. 
Glenodiimim, Ehrenb., mentioned, 72 ; 
a plague of, mentioned, 74. 
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Glenodinium rubrum, Whiidegge^ men- 
tioned, 72. 

Godwin- Austen, 11. H., introduced species, 
377. 

Goneptervx cleopatra (Linn,), 189; men- 
tioned, 1 80. 

cleopatni (Linn,), J90. 

\av. euro}>feus, Veritg*, 190. 

niauvitniiica, Itiiher, 190. 

euro|wus, Verity, mentioned, IHO. 
farinosii, Itiiber, mentioned, 180. 
italica, Gn‘h.„ mentioned, J80. 
mauritanica. Jibber, mentioned, 180. 
rhanini (LinuA, 179, 190. 

var. trausien*', Verify^, 180, 1(X). 

Gonyaiila.x, Dies, niontioiied, 72. 
Graphosoma lineatum. (Linn.), Germ., men- 
tioned, 300. 

Grapta c-album, (Linn.)^ 181. 

Groinia fliuviatilis, J)ujeir<1., mentioned, 
128. 

Gromiina, 120, 209, 213. 

Gryllotalpa, Latr., mentioned, 2. 

Gryllus, Linn., iimntioned, 3. 

Hi^Hniilis (Thunb.), nientioncd, 10, 17 ; 

chroiuf'Bonies in, mentioned, 14. 
dome.'* tie us, Linn., mentioned, 10. 
Gueriiea, C/icvreu.r, 332. 

coal i tit, iStebb,, 331. 

Gymnodinium, Jos., mentioned, 72. 

spirale. Beryh, mentioned, 72. 

Gypsina vesicuLiris, Parher He Jones, men- 
tioned, 273. 


Halcampa. Gosse, nientioiied, 14, 40, 46, 
014 ; tentacles, 020. 
cr^santlielluin, Iladdon, 022 ; men- 
tioned, 45, 00. 

duodeciincirrata, Carlgren, mentioned, 

44. 

Halcampimu, 39. 

Hansoniella, Bagmll*, 108; mentioned, 
196, 197. 

anguiosa (Hansen), Bagndllsu, 198. 
caldaria {Hansen), Bagnail ♦, 198. 
capensis (Hansen), Bagftail*, 198. 
chilensis (Hansen), Bagnail *, 198. 
crassicomis (Hansen), Bagnail*, 198. 
indica (Gravely), BagnaU mentioned, 
ftnote 198. 


Hanseniella nivea (Scop.), Bagnail*, 198. 
orieutalis (Hansen), Bagnail *, 198. 
pauperata (Hansen), Bagnail*, 198. 
plebeia (Hansen), BagnaU*, 198. 
ruwenzorii (Stlrestri), Bagnalt*, 198. 
subungiiiculata (Imms), Bagnail*, 
198. 

uiigiiiculatii {Hansen), BagnaU*, 198. 
Haploops tubicola, LiUJ., mentioned, 172. 
IlaploplithulmiK'«, Bars, mentioned, 417, 
421, 423. 

australis, Oliilton, 417, 421. 
helmsit, (.’liilltm, 418 ; mentiuned. 
417. 

mengii (Zaddavh). 424. 
tasmaiiieus, ( 'billon *, 424, 427. 
Harpacticoidea, 93. 
flead-muHcles of 323. 

Head t>f Schizoneurn, 311. 
lleleopera, Leidy, 142. 106. 
cyclostoma, IVnard, 106. 
nodtt.sa, 142 ; mentioned. 120, 

127, 161. 

petricoln, Leidy, 143; mentioned, 

120 . 

pars, Leitly, 142. 

var. ametbystesi, Pennrd, 143; 

mentioned, 120, 143, 106. 

var. ma jor, Cash. 143 ; men- 
tioned. 120. 
picta, J/tddy, 142. 

rosen, Penard, 143; mentioned, 125. 
sordid a, Peuf/rf/, 143, 106: mentioned. 
120, 213. 

spliagni (Leidy), Ilophhison. 142 ; 

mentioned. 120, 143. 

var. laevis, Wailes*, 143: men- 
tioned, 125. 

sylvatica, Penard, 107 ; mentioned, 
‘ 120, 213. 

Holicarion, Feruss., s)). ?, 245. 

Helicidsc from Madagascar. 384. 
Helicophanta bicingiilata. B. A. Smith, 
384. 

Metbueni, Robson *, 384, 389. 
phenax, Pilsbry, 384. 
souverbiana, Fischer, 384. 

Heliotbrips, Haliday, 498. 

bemorrhoidalis (Bouche), Bagnail, 498. 

\ar. abdominalis (Beat), 498. 

rubiocinctus, Bagnail, 498. 


% 
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Heliozoa, 126, 128, 168,210; and Fresh- 
water Rhizopoda from the States of New 
York, New Jersey, and Georgia, ILSA. ; 
with Supplemental Note on Seychelles 
Species, by G. H. Wailes, 121-161. 

Helix amartiUif Linn., 379. 
cyclaria, Morel et, 383. , 
desertorum, Forah^f mentioned, 234. 
ekongoemU^ Angas, 381. 
laviXy Tar., F4niss., 385. 
nomculuy Martens, 385. 
praetumida^ Fdruss., 383. 
xygtara^ Pfeiff., 385. 

Hemiplectu batiiensis, Hobson *, 382, 389. 
javanica, G'witf, 382. 

‘oleata, Ancey, 382, 886. 

Hemiptern, salivary pump, 310. 

Hemitubifex atej*, Benham, 101. 
benedeni {Udek), 101. 

Herdman, Prof. W. A., F.R.S., A Com- 
parison of the Summer Plankton on the 
West Coast of Scotland with that in 
the Irish Sea, 23-38. 

— - On the Occurrence of Amphidinium 
opercnlatum, Clap, ^ Lachm., in vast 
Quantity, at Port Erin (Isle of Man), 
71-75. 

Spolia Runiana. — I. Funiculina 

quadrangularis (Pallas), and the He- 
bridean lliazona violacea, Sarngny^ 
163-172; 11. Funiculina quadrangu- 

laris (Pallas)^ Biazona violacea, Sav,^ 
Forbesella tesaellata (Forces), variation 
in Ascidia, and Records of various rare 
Invertebrata, 269-286, 

Hesperia malvce (Linn,), 190. 

malvoides, Elw, ^ JSdw,, mentioned, 
190. 

Heterochseta, Westw., mentioned, 100. 
costata, Clap,, 100. 

Heterophrys myriapoda, Archer, men- 
ti<med, 128. 

Heterosaccus, G, W, Smith, mentioned, 
432. 

Meterothrips, Biiffa, 500. 
silvestrii, Buifa, 501. 

Hexacorallia, 514. 

Hexoctinise from New South Wales, by 
Leonora J, Wilsmore, 39-36. 

Sexacttniaria, Van Bened., 616. 

Hippiscus, Sams,, mentioned, 2. 


Hippiscus tuberculatus, Sauss,, mentioned, 

a, 10. 

Hippomedon denticulatus {Sp, Rafr), men- 
tioned, 271. 

Holocompsa, Burm,, mentioned, 62. 
Holothuria tremula, Gunner, mentioned, 
172. 

Hyalodiscus rubicundus, Hertw, 41' Less., 
mentioned, 128. 

Hyalolampe fenestrata, Greelf, mentioned, 
J28. 

Hyalosphenia, Stein, 157. 

cockayni, Penard, 215; mentioned, 

211 . 

elegans, Leidy, 157 ; mentioned, 124. 
papilio, Ijeidy, mentioned, 124, 218. 
subtiava, Cask, 167 ; mentioned, 124, 
213 

tincta, Leidy, 140 ; mentioned, 128. 

pars, Leidy, 139. 

Hybrids of Euschistiis, 337-373, 400-460. 
Hydrobia scbweinfurthi {Hagy), Jickeli, 
mentioned, ftnote 230. 

Hydrobiidcc, 237. 

Hydrocores. Lion, mentioned, 310. ^ 
Hypolimnas misippus (Linn,), Godt., 392. 
Hypopbarynx of Scbizoneura, 313, 316. 
Lip, 318. 


Idmonea atlantica, Forbes, mentioned, 
272. 

Idoloth]*ipidee, 499. 

Idolothrips tuberculatus, Hood, 499. 

Idotea lacustris, G, M, Thoms., mentioned, 
453. 

llyanthidm, 39. 

Ilyanthus panthenopieus, 520. 

Ilyodrilus, Eisen, mentioned, 106, 106. 
Inhibitor in crossing Euschistus, 355. 
Intromittent organ of Euschistus, 467- 
493. 

Iridina angustata, Sow., 257 ; mentioned, 
258. 

nilotica, Audouin, 267; mentioned, 
268. 

nilotica, Caill., 257. 
nilotica, Sav., 257. 
nilotica, Sow., 257. 
rostrata, Bang, 258. 
wahlbergi, Krauss, 260. 
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Iscbnoptera, Burm,j mentioned, 62, 65, 

66 . 

bimaculata, Qerst,^ mentioned, 66. 
gedaneiisis, Gernmr ^ BerendJt^ 60; 
mentioned, 68. 

provisionalis, Shdford*^ 66; men- 
tioned, 68. 

sp., 61 ; mentioned, 68. 

Ifiidora, Elirmh., 248. 

broccliii, Bhrvnb.j 243 ; mentioned, 
244. 

contorta, 244. 

dybowekii, Fuaher^ var., 244; men- 
tioned, 236. 
fomhalit Ehrenb., 245. 
sericiua JicJceli^ mentioned, 

ftnote 236. 

truncate {Fenm.)^ Boury.y 244; men- 
tioned, 243. 

Isochseta, Pointner, mentioned, ftnote 104. 

Isodictya infundibnlii'ormis {Jbk?ist.), Botv.f 
mentioned, 271. 

Isopods, Terrestrial. On the Range of 
Variation of their Oral Appendages, by 
W. E. Collhige, 2^‘7-294. 


Janira maculosa, Leach, mentioned, 172. 

Jassa pusilla (6-'. O. Sars), mentioned, 
172, 271. 

Jasus lalandii (Mi/ne-Edtv,), mentioned, 
22o, 226), 230. 

Jordan, Dr. Karl, Observations on certain 
Names pTO))osed in Dr. Verity's paper 
on the ilhopalocera PalaBurctica in the 
Collection of innnmiis, 193. 

Kalidoa Bournei, Ilfthson *, 391, 389. 

La Bathie. P. de. Gastropods coll, by, 
375. 

Labium of Schizoneura, 813. 

Labrum of Schizoneura, 312, 315. 

Lachnus, Bunn., mentioned, 315 note. 

Lagena, Walker Boys, mentioned, 272. 
marginata, Walker Boys, men- 
tioned, 273. 

ornata, WiUUttmon, mentioned, 273, 
apumosa, Millett, mentioned, 273. 

Lagenid», mentioned, 273. 

Lamellibrancha, larval, mentioned, 35. 


Lampides boeticus (Linn.), 188. 
l^anceolaria, Conrad, 256. 

teretiuscula, Philij^, 256. 

var. pallaryi, Longsta^^, 256; 

mentioned, 268. 

Lanistes, Montfort, 241. 
carinatus, Olioiei', 240. 
innesi, Pallary, mentioned, 241. 
ovum (Boettger), Peters, mentioned, 
ftnote 236. 

purpiireus (Jonas), mentioned, 241. 
Larval Polychasta, mentioned, 35. 
Lauderia, Cleve, 34. 

borealis, Gran., mentioned, 34, 35. 
Lepralia polita, Norman, mentioned, 272. 
Leptidea diniensis, Boisd., mentioned, 
179. 

lathyri, Hiibn., mentioned, 179. 
sinapis (Linn.), 179. 

Leptocheirus pectinatus (Not'man), men- 
tioned, 172. 

pilosus, Zadd., mentioned, 172. 
Leptoeylindrus danicus, Cleve, mentioned, 
35, 

8p,, mentioned, 35. 

Lernaeodiscus, F. MuelL, 429-434, men- 
tioned, ftnote 272. 

gulathe.e, G. W. Smith*, 433; 429, 
430, 431. 

raiinidjo, G W. Smith*, 433 ; 430, 
434. 

porcellame, F. MuelL, 433. 
strigoisie, O. If" Smith*, 483. 
Lesquerusia, Schhtmh., 157. 

modesta, Bhumbl., mentioned, 124, 
127, 157. 

spiralis (Ehrenh.), Butschli, mentioned, 
124, J28, 212. 

Leuciscus, Bond., mentioned, 301. 
Leucothoe spinicarpa (Abildg,)^ mentioned, 
172. 

Liddell, J. A., Nitocrameira bdellurie, nov. 
gen. et sp., a Copepod of the Family 
Cantbocaniptidaa, parasitic in the Egg- 
cases of Bdellura, 87-04. 

Ligia glabrata, Brandt, mentioned, 44. 
oceanica (Linn.), Fabr., 289; men- 
tioned, 287, 288, 293. 

Limacidas, 245 ; from Madagascar, 380. 
Limenitis popiili (Linn.), 181. 
sibilla (Lim.), 181. 
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Xiimicolaria, Schum.^ 245 ; mentioned, 285. 
adamoni^ Jickeli, 248. 
cailliaudi, I^eiffer, mentioned, 246. 
caudidisaima, ShuttL, mentioned, 246. 
connectens (Boettffer)^ Martemy men- 
tioned, ftnote 236. 
crassior Tar,, Hiigffy mentioned, 247. 
flammata, CailL, 245 ; mentioned, 
235, 246, 248. 

var. gracilis, Martentty mentioned, 

246, 248. 

gracilis vaxv, MarimSy mentioned, 246, 
248. 

heugliniy Martens, 248. 
kambeui, Brug.y 248, 

var. turris {lyeifiW), 248. 

koeiiigi, Boettgery mentioned, 236, 
248. 

kordofaua (Pall.)^ Hhuttl.y mentioned, 
ftnote. 236. 

longa, Pilshri/y mentioned, 248. 

nilotieuy Pfeiffer, 250. 

prestmiy Boettger, 249. 

rolilfsi, Kohelty 249. 

sennaariensis, ShuttLy mentioned, 235, 

246, 247. 

smithi, PreBtofiy 249 ; mentioned, 
286. 

var., JHUbrg, mentioned, 246, 

247. 

turriformis, Martens, 249 ; mentioned, 
236. 

turris, Pfeiffer, mentioned, 248. 
Limuaea, Lam,, 241. 

cailliaudi, Bourg., 241 ; mentioned, 
236, 242. 

hovarum, Tristram, 380. 
specularis, Morelet*, 380. 

Limnaeidee, 241 ; from Madagascar, 380. 
Limnodrilus, Clap,, mentioned, 102. 

aurantiacus, Ihiend, 105; mentioned, 
103. 

daparedianus, Raizel, 102. 
galeritiis, Friend*, 104; mentioned, 
103. 

hoffmeisteri, Clap,, 102; mentioned, 
1(^. 

— — var. tenellulus, Friend, men- 
tioned, 102. 

longus, Bretscher, 102 ; mentioned, 
ia% 106. 


Limnodrilus nervosus, Friend, mentioned^ 
105. 

papillosus, FHend*, 104; mentioned, 

103. 

trisetosuB, Friend *, 105. • 
udekemianus, Clap., 102 ; mentioned, 

104. 

Limomia fei*ruginea, .Jiclseli, 263, 

Limulua, O, F, Mull., mentioned, 87, 
Linkage, 476. 

Linnaeus, Observations on certain Names 
proposed in Dr. Verity's paper on the 
llhopalocora Palo?arctiCa in the Collec- 
tion of, by Dr. Knrl .Jordan, 193. 

Linnean Types, Revision of Palaearctic 
Rhopalocera, by Roger Verity, 173- 
191. 

I^obosa, 123, 155, 202, 212. 

Locusta, Zwm., •mentioned, 2. 

viridissima ( Walk. ?), mentioned, 2, 
18. 

Locusticlae, mentioned, 2. 8, 119. 

Longstaff; Jane, On a Collection of Non- 
JMariue Mollusca from the Southern 
SudAn, with Descriptions of New Species 
by H. B. Preston, 233-268. 
lioricata, mentioned, 225, 229, 

Lnidia ciliaris (Phil,), mentioned, 172. 

Sarsi, Duh, 8f Kor., nioiitioned, 172, 
Lumbricidm, mentioned, 95, 96, 106. 
Lumbriculus variegatus, O. F, Midi,, 
99. 

Lumbriculidae, 99. 
l^ycaena arion (Linn.), 189. 

argus (Linn.), 188 ; mentioned, 189, 
argyrognomon, Bei^gstr., 191 ; men- 
tioned, 189. 

callarga, Staudinger, mentioned, 189. 
Idas (Linn,), 189, 191. , 

JRairdt,, 191. 

ramburi, Verity*, 191; mentioned, 
189. • 

Lygus pabulinus (Linn,), mentioned, 307. 
Lysianassa ceratina, A, O, Walker, men- 
tioned, 271. 


Maorochlamys, Bens., introd. from Assam, 
877. 

Macrameaanteries of Edwardsides, 622- 
629. 
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Madagascar, Gastropoda from, 373. 

Maera Othonis {Mibie^JCdio.)^ nientionud, 
]72. 

tenuimana (Sp.Bate), mentioned, 271. 
Mandibles, deHiied (Davidson), 311. 

of Scbizoneura, 320, 322. 

Mandibular levers, 322. 

Martensia sp., 24*5. 

Maturation mitosis, 110, 111. 

Maxillary folds of Scbizoneura, 314. 

Bcleritcs of Scbizoneura, 313. 

stylets, 320. 

Medusas, mentioned, 31. 

Medusoid gonopliores, mentioned, 3*5. 

Meek, C. F. U., The Correlation of Soma- 
tic Characters and Chromatin Hod- 
Lengths, being a Further Study of 
Chromosome IJimensious, 107-119. 

The Spermatogenesis of StenoLothrus 

viridulus, with Special Ilefereuce to the 
Ileterotropic Chromosome as a Sejt- 
Betermiiiant in Gras>hoppers, 1-21. 
Megacceles of Edwardsida?, 620 -629. 
Melanargia galathea {Linn,), 183. 

Melaiiatria iliiiniitea, Itobson 378. 

Johnstoiii, E. A, Smith, 378. 

Melania, Lam,, 241. 

amartila, Robson 379. 
psorica, 378, 

rudis, Lva, mentioned, 378. 
tubfjrculata (O. K Midi,), 24 1, 378. 
Melaniidm, 241. 

Melanoplus bivillatus, Svudd., mentioned, 

2, 3, 10, 18. 

femoratus, Svvdd., mentioned, 8, 10, 
Melita obtusata {Montayu), mejitioned, 
172. 

Melitsea cinxia {Linn,), 182. 

inaturna {Linn.), 182. 

Melosira Borreri, Grrr,, mentioned, 36, 
Mendeliau size characters, 4(>0 409. 
Metaphuxus fultoni {Scott), mentioned, 
271. 

Methuen, Hon. P. A., Gastropoda c.>ll. by, 
376. 

Methvenia, Robson 380. 

oleata, Rohson *, 386. 

Metridium diauthus, Oken, mentioned, 63. 

marginatum, Darker, mentioned, 66. 
Idicrocoeles of Edward-sidie, 523-629. 
Microchlamyp, Cockereii, mentioned, 131. 
LINN. JO DKN.— ZOOLOGY, VOL. XXXII. 


Microcoryia, Cockerell, mentioned, 131. 

Micromesenteries of Edwardsidm, 519- 
*529. 

Mitosis, maturation, 110, 111. 

Mitothrips, Trybnm, 496. 
niegalops, Tryboin, 496. 
petulans, Baynall^, 496, 607. 

Mitrnria, Ra/., mf*ntionod, *3*5. 

Mollusca from Madagascar, 376. 

Non-Marine, On a Collection, from 

the Soutliern Sudan, b} .lane Longstaff, 
with Description of New Speci<*s by 
Hugh B. Preston, 233-208. 

Monopylephorns, Ditlvrsen, meiitioneii, 

101 , 102 . 

parvus, Ditlevsen, 101. 

Monotocardia, 237. 

Mucronella abvssicola {Norman), llinvks, 
mentioned, 272. 

Munida barnffica {Pennant), 420 ; men- 
tioned, 271. 

infested by a Hhizocepliahin parasitf* 

{Triangnins munidte, GeoiTrey Smith), 
272. 

Murex brandaris. Xm/i., mentioned, 278. 

Mulela, Scop., 267 ; mentioned, 236. 
uilotica, Sow., 2*>7 ; mentioned, 2*58. 

var. angustuta, Sou\, sp., 267 ; 

mentioned, 268. 

Mutelinii, Jionrg., 268. 
pUcafa, Mnrlej)s, 269. 
rostratii, Rang, 268 ; mentioned, 
2*59. 

M>cetoj)iis plicalu.^, Sow., mentioned, 
269. 

Nuididm, 98; mentioned, 95, 90, 99. 

N a uphold Stage, a Free-swinmiinj:, in 
I'nlinnnts, by .1. L>. F. Gilchrist, 226- 
231. 

Naupliosoma larva of 2\dinnrn.'» {Jasioi) 
Udandii, fig., 226. 

Navicuhi, Rorg, mentioned, 74. 

Naviculoid Diatom, Golden-yellow, men- 
tioned, 74. 

Nebela, Ze/dy, 133; mentioned, 1*34, 1*3*5, 
141, 211. 

americana. Cash & Hopk., 134. 
arnericana, Tardnek, 134: mentioned, 
78, 124, 127, 136, 136, 138, 157. 

43y 
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Nebela nmeiioana, var. falratft, Waile»*^ 
135; mentioned, 121. 
aiisatii, Leldy^ 135; mentioned, 124, 
134. 

barbata, Leidif^ 78, 136 ; mentioned, 

79, 86, 124,’ 134, 138, 201. 
bigibbosa, Penanl^ 80 ; mentioned, 

134, 210. 

bipes {Carter)^ Murray, mentioned, 
164. 

bohemica, Tarnnek, 140. 
hiirsalia, Taranek, 1 40. 
cariiiata (Archer), Lculy, 130: men- 
tioned, 124, 134. 

pars, Leidy, 139 

caudata, Leidy, 136, 216; mentioned, 
124, 134,201,211,213,217. 
oerl/esi (Cerics), Pcnard, mentioned, 
211 210. 

cockayni (Penard), 216; mentioned, 
211, 213. 

collaris (Ehrenb.), Leidy, 130, 157 ; 
mentioned, 80, 128, 140, 148, 101, 
213. 

pars, Leidy, 1 34, 1 37, 1 38, 

139. 

var. etortH, Leidy, 130; men- 
tioned, 124, 134, 101. 
cratera. Wailee^, 130; mentioned, 
121, 1:M, 13H, 101, 

dentistonia, Pennrd, 137 ; mentioned, 

80, 124, 127, JOl, 213, 216, 217, 
218. 

var. hesperia, Wailre^, 215; 

mentioned ,213, 21 H. 

var. laciistris, Wailes *, 137; 

mentioned, 125, 127, 101, 201, 216. 
equicalceus, Lridy, 137 ; mentioned, 
126, 134, 148. 

pars, Leidy, 200. 

etpiivaicewt, Wailes, 2t)0. 
fliibell Ilium, Leidy, mentioned, 126, 
137, 140. 

srnlentn, Pe7tard, mentioned, 136, 127. 

pars, Penard, 138. 

gracilis, Peuard, 367 ; mentioned, 
“ 126, 127, 138,213. 

\ar. stomata, Waileit*, 157; 

mentioned, 155, 161. 
grist?nla, Penard, 138; mentioned, 
326, 134, 137, 139* 


Nebela hippacrepU, Leidy, 137. 

pars, Leidy, 206. 

lageniformis, Penard, 157 ; mentioned, 
134, 213, 217. 

vnr. minor, Wailee *, 167 ; men- 
tioned, 156. 

longicollis, Penard, 138; mentioned, 
125, 134. 

marginata, Penard, 139 ; mentioned, 
125. 127. 

martiiili, Certee, mentioned, 216, 
militaris, Penard, J39; mentioned, 
79, 126, 127, 158, 213. 
militaris vnr. tuhulata, Jlrown, 79. 
minor, Penard, mentioned, 125, 127, 
139. 

Murray! , Wailes^, 216; mentioned, 
211, 213, 218. 

parvula, Cash, 139 ; mentioned, 126, 
213. 

saecifbra, Wailes*, 206; mentioned, 
218. 

Rcotire, Eromi*, 79; mentioned, 86, 
137. 

scubdluta, Wailes^, 139, 217; men- 
tioned, 125, 127, LU, 141, 168, 101, 

201.211.213. 
spimyni, Leidy, 142. 

spieata, Wai/ee*, 210; mentioned, 
211, 213; from Peru, 213, 216, 
218. 

tenella, Peitard, 139 ; mentioned, 126, 
134, 137, 138, 201. 

tincta {Leidy), Awer., 140, 1.58; men- 
tioned, 126, 128, 168, 213. 
tropica, Wailes •, 140, 168, 217 ; men- 
tioned, 122, 139, J4I, 159, lOJ, 

211.213. 

tiiberosa, 167 ; Hplmlm. = tubnlosn. 
tiibulata, linarn, 79, 140, 169; men- 
tioned, 78, 126, 127, 134, 335, 158. 
tubuloea, Penard, 141, 169; men- 
tioned, 126, 136, 138. 
vas, Certes, 217; mentioned, 134, 213, 
213. 

vitrmn, Prnard, 141 ; mentioned, 80, 
325, 134, 137, 339, 213. 

var. minor, Wailes ♦, mentioned, 

141. 

var. splmgni, Wailes *, men- 
tioned, 126, 1*41 . 
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Nebelflp, mentioned, 211. 

NebeliiiH, 124, 125, 206, 216. 

Ncmeobiiis luciua (Linn,), 186. 

Neopltiustes (istsiniilis {G, O. *Sar«), men- 
tioned, 27 1 . 

bicuspis (A'/ o//.), mentioned, 172. 
Nooscutijrerella, liagnall*^ 198; men- 
tioned, 196, 197. 
llaneeni, Bagaall*^ 198. 

Nepa, Linn.y mentioned, 609. 

Nephrops norvegicua (Xt/m.), mentioned, 
271. 

Nerita Ixdtert'nlaUi, O. F. Mull., 241. 
Neritina gagatea, Lam., 677. 

puUigera, Linn., var. knorri, Iteclitz, 
677. 

Nitocra, Sars, ineiitioned, 90, 91, 92, 
Nitocraujoira, LifldeH*,93 i mentioned, 88, 
90, 91. 

bdellura* ♦, nov. gen. et sp., a Copepod 
of the Family (.^antliocaniptidm, 
parasitic in the Fgg-caaes of Bdel- 
lura, by J. A. Liddell, 87 -04. 
Nodosavia iiliforniia, tVOvb., luentioned, 
273. 

roemeri (Neugeboren), Brady, men- 
tioned. 273. 

scalaria, Battnh, mentioned, 273. 
vertebralis, BaUch, mentioned, 273, 
Xodulnria, Conrad, 252; mentioned, 235, 
230. 

legyptiaca, Caill., 253; mentioned, 

252, 268. 

var. sliambienala, 

263. 

gaillardoti, Boury., mentioned, 252. 
nilotica, Cmll., 252 ; mentioned, 28t5, 

253, 254. 

parreyssi, PhUippi, 254 ; mentioned, 
262, 253, 268. 

var. eloiigata, Lotiy stuff*, 255. 

var. obliqua, Lonystaff*, 265. 

rugifer, Kuster, mentioned, 254. 
sobaenaia, Pi^eston *, 256 ; mentioned, 
268. 

teretiuscula, Philippi, 256. 

var. pallaryi, LonyaUiff*, 266; 

mentioned, 268. 

var. lUhophuya, Ziegler, 266. 

Nonionina umbiUcatuU men- 

tioned, 273. 


Non-Marine Molliiaca iVotu the Southern 
Sudan by Jane IjongatiitT, 2.‘»3-268, 
Notonecta, Linn., mentioned, 309. 
Noloniacus, Chilton*, 418. 

aufttmlifl, Chilton*, 421, 42t>, 427; 
mentioned, 422. 

helmsii, Chilton*, 4 IS, 420; men- 
tioned, 423. 

Nvctibora, Burm., nienti«>]ie(l, 62. 

Huccinica, Shelford, 61 ; mentioned, 

68 . 

Nyctiboriiins 68. 

Nyctiphanes iiorvcgicus {M. Sars), men- 
tioned, 27 ; young of, mentioned, 30. 

Octocorallia, 51 4. 

Octolasium platyuriim, Fitz., mentioned, 
95. 

rubidiiui, Oerley, mentioned, 95. 
Oiliupleura, Mart,, mentioned, 29, 31 . 
sp., mentioned, 35. 

Oithona, Aid. Hanv., montiimed, 29. 
similis, Aid. 4’ Hanv., mentioned, 27, 
29, 35. 

Oniscus, Linn., mentioned, 435, 438. 

asellus, Xiiiw., 289; mentioned, 287, 
288, 293. 

buccHlentus, Nicolet, 43t>, 449, 

451. 

novat’zralandia, Filhol, 436, 449. 
tu-berciUatns, Nicolet, 430, 449. 
Opliiocnida braebiata {Mont.), mentioned, 
270. 

Ophiopbolis aciileata (Linn.), uieiitioiied, 
172. 

Opliiura albida, Forbes, mentioned, 
172. 

ciliaris (Linn.), mentioned, 172. 
Omocestus viridulus, Boliv., mentioned, 
117. 

Ouramceba htdulivauda, Leidy, 128. 
nobilis, Petutrd, nieiilioiied, 128. 
vora.r, Leidy, 128. 

Pair, term defined, 629. 

Paleearctic Khopalocera, Uevi.'jion of the 
J^innean Types, by Roger Verity, 173- 
191. 

Palinurides, mentioned, 230. 
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l^aliuurus, a Free- Swimming Nauplioid 
Stage in, by J. D. F. Gilchrist, 226- 
231. 

hilandei, Milnv^Eihr.^ mentioned, 225, 
230; fig., 226, 

qiiadricornis, Fabr., mentioned, 
230. 

Palmipes placenta {Pmn.), mentioned, 
J72. 

Faludina senaaviva, K lister, 237. 
Paludomus Graiididieri, Crosse (S' Fischer, 
3/8. 

madagascariensis, Broi, 378. 
Pamphagiis, Thuvh., meniioned, 77. 
at'idus, Leidy, mentioned, 128. 
curvits, Leidy, menthnied, l28. 
grauulatns, F. E. Schulze^ mentioned, 
128. 

hyalinus, Ehrenb., mentioned, 126. 
mutabilis, Bailey., 209; mentioned, 
128, 218. 

Pamphilus comma 190. 

Panoplma Eblaiiae (Spence Bate), taken 
from branchial cavities of lihizostoma, 
mentioned, 172. 

FwpiXio feisthameli, Diip., 190; mentioned, 

174. 

lotteri lotteri, Aust., 190. 

maw'a lotteri, Aust., 190. 

Jtammteus, Fourcroy, mentioned, 

175. 

lotteri, Aust,, mentioned, 174. 
lotten lotteri, Aust., 190. 
machaon {Linn.), 170. 
mnemosyne (Linn.), mentioned, 179. 
podaiirius (Lbm.), 174; mentioned, 

176. 100. 

feisthameli, I)up., 190; men- 
tioned, 176. 

maura, Veriti,, 190. 

miegi, Thierry-M., feisthameli, 

Dtip., 190 ; mentioned, 190. 

podaiirius podaiirius (Linn.), 

190. 

protesilaus (Linn.), meniioned, 175. 
siiion, Fahr., mentioned, 175, 170: 
mentioned ftnote 1 75. 

sinon, Poda, 190, 

verniis, Verity*, 176, 190. 

zancltrue, Zeller, 190. 

Paracalanus parvus, Bars, mentioned, 35. 


Paracyathuft taxilianus, Gosse, mentioned, 
270. 

Pai'adoxnminc, Stebb., 332. 

fissicauda, Chilton, 331, 332. 
flindersi, Chilton, 381. 
pacifica, Stebb., 331. 

I'aranais, Czern., montioncd, 97. 

litoralia (O. F. Mull.), Czern., 98. 
uaidina, BreUcher, 97. 

Pavarge achine (Scop.), meniioned, 186. 
adrasta (Linn.), mentioned, 180. 
mgeria (Linn.), 185. 
dejanira (Linn.), 185. 
hiera (Fahr.), mentioned, 185. 
maera (Linn.), 185; mentioned, 185. 

maera (Linn.), 191. 

monotonia, Schilde, 191. 

vulgaris, Verity*, 191. 

raegera (Linn.), 185. 
monotonia, Schilde, 191 ; mentioned, 
186. 

philippus (Linn.), mentioned, 185. 
vulgaris, Verity, mentioned, 186. 
Parmulina brucei, Penard, mentioned, 
214. 

Parnassius, Latr., mentioned, 187. 

apollo (Linn.), Godt., 176. 

Peachia, Gosse, mentioned, 40, 45, 46, 54. 
untarctim, Pfeffer, 46. 
carnea, Hatton, mentioned, 39, 46. 
hastata, Gosse, mentioned, 39, 41, 45, 
46, 54. 

hiUi, Wilsmore*, 39; mentioned, 39, 
41, 43, 46, 56; oesophageal region 
of, mentioned, 4*3. 
koreni, mentioned, 46. 

Pelecypoda, 251. 

Felomyxa caroliuensis, H. C. Wilson, men- 
tioned, 154. 

villosa, Leidy, mentioned, 128. 
Pellomyxa, 1^8; sphalm.ssprsec. 
Peltogaster, Bathlu, 431, 432, 434. 
Penssidae, mentioned, 222. 

Penieus, Fahr,, mentioned, ftnote 220. 
Pennatula, Linn., mentioned, 274, 275. 

phospborea, Linn., mentioned, 274. 
Pentatoma, Lam., mentioned, 309. 
Peridinians, mentioned, 30, 31. 

Pf3ridiaium, Ehrenb., sp., mentioned, 35. 
Periplaneta, Burm., mentioned, 2, 65 ; 
larva, 09. 
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Periplaiicta atistralaBis) (Fabi\)t Burm,, 
mentioned, (57. 
sp., 64, 67 ; mentioned, 68. 

Perrierelln Audouiniana (Spmce lintt*), 
mentioned, J72. 

Perrier do la Batliie, Gastropodfi coll, by, 
376. 

Petromyzon, Linn.^ mentioned, 301. 302. 
fliiviatiliy, Linn.^ mentioned, 301. 

J*hakellia infundibuliformi.s (Johnst,'), 
Boiv.y mentioned, 271. 
ventilabrum {Johmt.)^ Bou\, men- 
tioned, 271. 

l*haryngeal duct of »Scliizonoura, 313, 
316. 

]*harvnj»’eal atruts of Scbizoneura, 313. 

Pharynx of Scbizoneura, 316, 318. 

l*ha;^iuidic, mentioned, 2. 

Phidliii ambonioiisis, Ktrietniewskiy imMi- 
tioned, 64. 

browiii, IViUmove*^ 46; mentioned, 
30, 61-64, 66. 

(‘iipitatn, Wilsmore*y 60; mentioned, 
30, 61, 63, 64. 

paiiaineurtiti, Verrill^ mentioned, 61, 
solla^i, Haddon^ 66 : mentioned, 62, 
64. 

teriuitana, Kwieinien^inki, mentioned, 
64. 

vermifoimis, Jladdon, mentioned, 40. 

Philocheras i*culplUM [Bed), mentioned, 
271. 

Pbilopotamis, Lapj mentioned, 378. 

Philoscia mui<corum {Scop.), mentioned, 
288. 

Fhilouyria manna, Chilton, 444. 

Phloeothripidaj, 604. 

Photis Ueinbardi, Kray., mentioned, 172. 

PhreatoicuiS, Chilton, mentioned, 454. 

Phryganella bemispherica, Penard, men- 
tioned, 124, 127, 128, 212. 
uiduliis, Tenard, mentioned, 124, 127, 
212 . 

l^byllodromia, Sert\, mentioned, 62, 66. 
furcifera, Sheljord, 60 ; mentioned, 
08. 

incluaa, Shelford*, 67 ; mentioned, 
68, 60. 

prfieciiraur, SJkelford*, 63; mentioned, 
68, 69, 

8p., 67 ; mentioned, 68. 


Pbyllodvomia Woodwardi, Shelf ord *, 62 ; 

mentioned, 68, 60. 

Pliyllodromiina*, 68. 

Phyllophorus Drummondi (Thomps.), men- 
tioned, 172, 210. 

jH'llucidua {Duh, ^ Kvr.), mentioned, 
270. 

Phylloxera, Foiisec, mentioned, 316, 317. 
Physa broccbii, Boury., 243. 
cnntorta, Mich., 244. 
aubopaca {Pall.), Lam., mentioned, 
ftnote 236. 

tnimata, Bour^^, 244. 

bVrLias., 244. 

Physopsis sp. ?, mentiimed, 236. 

Pieria, Schrank, mentioned, 177. 

mativiis, Verity, 190 ; mentioned, 
178. 

arctiea, Verity, UKl; mentioned, 177. 
brassic'sc (Linn.), 178. 

brasfticic brassicse (Linn.), 190. 

cZif/rt(7e</,Stepli., 190. 

lepidii, Bober, \ ar. brassicse 

(Linn.). 190. 

bryoniii*, Oche., mentioned, 177. 
daplidice (Linn.), 176. 
frijfida, Scudd., mentioned, 177. 
immaculata, Folvyne, juentioued, 177. 
lepidii, i?o7>cr, 100; mentioned, 178. 
metra, Steph., 100; mentioned, 177. 
naptea. Esp., var. vulp:ari&, 100. 
nnpi (Linn.), 177, 100. 

napi napi, amt., 190; (Linn.), 

PK). 

arctica, Verity, 190. 

vulgaris vulgaris, nom. iiov., 

Verify*, 190. 

niiida, Verity, mentioned, 176. 
Ochsenheinieri (Godt.), mentioned, 
177. 

rapie (Linn.), 177 ; mentioned, 178. 

aeativus, nom. nov., Verity *, 

UK). 

tnettxi, Stepb., var. rapes, 190. 

rap® rapae (Linn.), 190. 

vulgaris ( Verity *), 177, 190. 

I’isidium sp. ?, 263. 

Pimm parmiticum, Parreyss, 263. 
Placucysta, Leidy, 160. 

jurassica, Penned, 83 ; mentioned, 
ftnote 83, 85, 150. 
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Placocysta apinofra (Carter)^ 150: | 

meiitioDt'd, 83, 12t>. i 

var. aetigera, U'atles^^ 150; 

lUbiitioDed, 1:^0, 101. 

Placostylus Bollunsi, iSuttr, 385. 

Plagiopyxia, Penard, 131, 159. 

callida, Penardt 131 ; mentioned, 123, i 

212. j 

Irtbiata, Pmard^ 159 ; mentioned, j 

212 . j 

Plankton, iSumriier. A Compariaon of that 
on the West Coast of Scotland v^ ith that | 
in the Irish Sea, 23-38. 

Planorbis, Guettard, 242 ; mentioned, 243, 
boissyi, Pot et Mich., 242. 
comu, Pkrenb.f mentioned, 242. 
coBinius, InmSf mentioned, 213. 
ecarinata, var., mentioned, 243. 

ehrenbergi, Beck^ mentioned, 242. 
mareoticuB (Letouvn.)^ lnu<*8t 242. 
pjuteli { Paliary )j Jickeli, mentioned, 
ftuote 236. 

spirorbis, O. P. mentioned, 24^1. 

Platyarthrus simoni, JOollfas, mentioned, 
610. 

Plectoptera, mentioned, 65. 

antiqua. Shelf ord ♦, 68 j mentioned, 

68, 69, 

Plectopterinee, 68. 

Pleriplaneta, 69 ; err. cf, Periplaneta. 
Pleurosigina, W, Sm., Bp., mentioned, 35. 
Plutei of Echinoderms, naentioned, 35. 

Podon intermedium, ZtV/;., mentioned, 35. 
l^olychaet larrie, mentioned, 30, 35. 

Polycheria antarctica, JJella Valle, 331. 
Polymastia, Sow., mentioned, 271. 
brevis. Bow., mentioned, 271. 
mammillariB (O. P. Mull.), Bow., men* 
tinned, 27K 

Polymorph iua gibba, d^Orb., mentioned, 
273. 

fiororia, Meuse, mentioned, 273. 
Polyommatothrips, Buffa, 600. 
sUvesirii, BuHa, 601. 
viffilans, Hood, 603. 

Polyphaga, BruUi, mentioned, 62. 

fossilis, Shelford, 62, 68. 
Pomphoiyxophrys punicea. Archer, men* 
tioned, 128. 

Pontagulaaia compressa (Carter), Cash, 
mentioned, 124, 212. 


Poiitigulasia vas {Leidy), Schont., men* 
tioned, 124, 127, 128. 

■ Porania ]>ulvilUia (O. P. Mull.), men- 
tioned, 172. 

Povrellio, Latr., mentioned, 435, 438. 

he vis, Lair., 291 ; mentioned, 287, 
288, 293. 

scuber, Latr., 290 ; mentioned, 287, 
28*^, 293. 

Porcellionid»‘H pruiuosus (Brandt), Stelr- 
biny^ 291 ; mentioned, 287, 288, 293, 
509. 

Preston, H. H., I description of new Species 
of Non-Marine Molliisca from the South- 
ern Sudan, 265. 

Ih*innntii8, Lacep., fin rays of, mentioned, 
209. 

Pristhesancus piipuenflis, Sldl, mentioned, 
309,311. 

Pristina equiseta, Ihnrnr, 99. 

Proboscis of Schizoneura, 313, 315, 
Prosobranchiata, 237. 

Protopecbita {O.F. MulL), niontioned, 172. 
Protozoan nuclei, mentiojjed, 153. 
Psamniort'ctes barbatus (Grabe), Vejdorsky, 
100 ; mentioned. 95. 

Pstmdocninnus, Bofch\ mentioned, 20. 

elongatus, Bofck, mentioned, 27, 2Jd, 
35. 

Pseudochlamys, Clap. Sr Lachm., 131. 
aculeata, Ureeff, 214. 
patella, Clap, Sr Lavhtn., mentioned, 
123, 212. 

Pseudoderopeltis, Krams, mentioned, 67, 
Pseudodifflugia Archeri, Penard, men- 
tioned, 120, 201. 

fasciciilaris, Penard, 209; mentioned, 
213. 

fulva, Arclter, mentioned, 126, 201. 
gracilis, Schlumb., mentioned, 126, 201, 
202, 209, 213. 

Pseudomutela, Simpson, 259. 

plicata, Marlene, 259 ; mentioned, 
286. 

PBeudophyllodromia, Brunn, mentioned, 
62-64. 

succinica, Shdford*, 62; mentioned, 
68, 69. 

Pteraater militariB (O. P\ MuU.), men- 
tioned, 269. 

Palmonata, 241 ; from Madagascar, 880. 
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Pulvinulina repandn, Fivhtel MoU^ i 
mentioned, 27;i. 

Pump ehiiiuber ofSchizoneimi, 

cylinder of Scliizoneura, .'118. 

— - — uiuHclt* of Schizoiu'ura. I 

salivary, of HiMuipleru, .‘llO, 

:J18. * ' 

stem of Schizoiieiira, .‘519. 

PyrameU atalaiitii 181. 

cardui J8J. 

Pyrpfojvhysa fovsliSli, Ehnnh., | 

P\rrhoc*oris apterus, Mauer. .‘509 ; men- * 
'turned, ■ ! 

Pyura, mentioned, 1*80, 281. ; 

tit nhenr audit, MielineNeii, mentioned, \ 

28(>. j 

i 

I 

Quadrula. F. F, Srhulzt., 141, I.'jO. men- 
tioned, 1 42. 

im'jfularis, Ft>nard, mentioned. 141. 
symmetri<‘« (fo Walhvh), V. E, Schuhty t 
141. l.iO; mentioiUMl, 12r>. JOl, 2l.*5. 

cnr\atn, Il'w/Ves*, 112: men- 

titujed, 125, Kil. j 

irregnlnri'*, Viuant, 142; men- 1 

tinned, 125, Kil. j 

pars, Leidy, lilt); mentioned, j 

l;54, li5(i, 140. j 

(jundnilellii, Covkeretl^ 142. | 

(^uasilliiia lj!’e\is, Aonuaa, mentioned. 271. ^ 

j 

1 

I 

llapliidioplirys (see IMl^p}ndio])hry^). j 

elegftiis, Jferttr. t3>- Letts., mentioned, i 

128. j 

pallida, ]^\ E. Schulze, mentioned, ! 

154. I 

Airidis, Archer^ mentioned, 128. 

J{eo]>ba\ lindens, Parker, mentioned, 27t*5. 

moniliUnnne, SMall, mentioned, 27;5. \ 

Uhizopoda, 1.5.5, 202, 21 2. j 

Distribution of, in Scnith Ameiicn, j 

mentioned, 210, 212, I 

Fivsliwater, and Ileliozoa from tin* j 

States of New York, New Jersey, and I 
41eorgia, r.S.A., with Supplemental | 
Note on Seychelles Species, by G. 11. | 

Wailes, 121-lCl. 

Freshwater, from North and South 

America, by G. II. Wailes, 201-218, i 


Jlbizopods, British, Observations on some 
New and Little-known, by Jas. Meikle 
Brown, 77-85. 

Rhi70sr)lenia, Ehrenh., mentioned, 28, 29, 
alata, Uriifhtw.^ mentioned, ii5. 
semispinn, Heuseti, mentioned, 28, 29, 
34-3U. 

setigera, Jiriyhtn ., mentioned, i55. 
Shrubsolei, Clever mentioned, .*56. 
Stolterfothii, Perag., mentioned, ii5. 

lUiiziKStoma from Dublin Bay, Panoplcea 
eblauoc t^pence Bate), taken from 
branchial cavities of, mentioned, 172. 

Jlhopalocera IVheaictica, Observations on 
certain Names proposed by Dr. Verity on 
the Collection of Linnieiis, by Dr. Karl 
Jordan, 198. 

— Ke vision of the Linneau Type®, 

b\ Uoyer V erity, 17-5 J9J. 

JOiynelielmi.-, Iloffm., mentioned, 99. 

!lh\sota aiquivuca. Jiohsou*^ 88l. .‘589. 

nice, unhiisked. specie-* introd. with, 877. 

Hobson, (i. (\, The Dentition, Sv., of 
Wronicella inhdica, (5>ckei‘ell, 2(>fc>. 

Uossia macrosoma, d'Orh., mentioned, 271. 

Uotnliu, Lam., mentioned, 272. 

beccarii {Linn.), lirady, mentioned, 
272. 


Sacculina, Thump,^,, nieiilioiiod, 482. 

Sajnuris tiibifex, Jtthml., mentioned, ItKl. 

Sagartiii undaia (O. F. Mali), (ktr/yren, 
mentioned, 58. 

viduatu t (J. F. Mali.), (Josse, men- 
tioned, .5.*5. 

Sagitta, Quay . meiitiiuied. .‘50, .‘51. 

bipnnctata, Qnoy 5* (iaim., men- 
tioned, i55. 

Sagrina nodosa, Parker^' Jones, mentioned, 
273. 

Salivary duct t»f Schi/ont'ura, 319. 

glands of Schizoneuia, 319. 

pump of IJemiplera, 310, 313, .'518, 

Saixjodictyon agghunerata, Forhes Good- 
Sir, mentioned, 271. 
catenata, Forbes, mentioned, 270, 
271. 

Sarcodina, 123, 155, 212. 

Sargartiidie, 39. 

Satyrus, Latr,, mentioned, 184. 
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Satyrufl alcyone, Schifl.^ 191 ; mentioned, 
183, 184. 

circe {FahrJ), Godt,^ mentioned, 183. 
fagi (Scop.), 184. 

fidia {Linn.\ Godt.^ 184 ; mentioned, 
183. 

hermimey auct., 191. 
hermione Godt.^ 191 ; men- 

tioned, 183, 184. 

major (Esp.)^ mentioned, 184. 

minor (Esp.), mentioned, 184. 

major 191. 

pliaedra (Zjhm.) , Godt.^ 184. 
seinele (Lhm.)^ Godt,, 184. 
saxicava, Fleur., 5i?o. 

Schizoneura lanippera, Hammann^ mouth- 
part?, 307-330. 

Scierites of Schizoneura, 313. 
Scolopendrella, Oermis, 198, 199 ; men- 
tioned, 195, 196. 

irnmaculata, Nt'ivpoHj mentioned, 195. 
uotacantha, Gervaisj 199; mentioned, 
195, 197. 

pygmoaa, SilvestH, mentioned, 195. 
euhnuda, Hamen. mentioned, 195. 
Scolopendrellidae, J97; mentioned, 195. 
Scolopendrellinae, 198, 199 ; mentioned, 
196, 197. 

Scolopondrelloides, Bagnall^, 197, 198; 
mentioned, 190. 

craseicornis { Hansen) t Eagnall*, 198. 
paiiperata Eagnall 198. 

Scolopendrellopsis, Bagnall*, 198; men- 
tioned, 196. 

microcolpa {Muhr), B agnail ♦, 199. 
pygiufca {Sihestri)y BagnaU^, 199. 
silvestrii {Hansen), Bagnall*, 199. 
Hubnuda (Hamen), Bagnall^y 199; 
mentioned, 196. 

Scutigorella, Ryder y 197, 198; mentioned, 

195, 196. 

amiata, Hansen, 198; mentioned, 

196. 

Inscutata, Baguall, 198; mentioned, 
190. 

Hanseni, Bagnall, mentioned, 196. 
immaculata (Newy.), Ryder, 198; 
mentioned, 190. 

indecisa, Atteme, mentioned, 199. 
nivea (Scop^, II, J, Hansen, men- 
tioned, I96« 


Scutigerellinee, 191, 198; mentioned, 190, 
Scyllarus, Fabr,, mentioned, 225, 229, 
230. 

ScyphacidoB, Chilton, 4t37. 

Scyphacinee, Dana, 437. 

Scyphax, l)a?ia, 4B7, 453. 

aucklandia, Chilton, 436, 445. 

partim, 449. 

Scyphoniscus, Chilton, 437, 463. 
Scytojdiorus, Hertimg, mentioned, 40. 

antarctinis, Carigren, mentioned, 46. 
Sea-pen, Giant (Fiiniciilina quadrau- 
gtilaris), mentioned, 103. 

Sedulothrips, Bagnall *, 503. 

insolent, Bagnall^, 503,507. 

\igilans. Bagnall^, 503. 

Segmentina, Fleming, 243 ; mentioned, 

22 (^. 

angusjta, Jieheli, 243 ; mentioned, 
205. 

kanisaensis, Predon*, 243, 265; men- 
tioned, 268. 

Segregation, 467, 408. 

Sergestes, Mitne^Edw,, mentioned, 220. 
japouicus, Spence Bate, mentioned, 
222 . 

mollis, Smithy mentioned, 222. 
robustus, Smith, mentioned, ftnote 
220 . 

Sergestidm, M ilnC’-Edw., mentioned, 222. 
Sergestidse, On Apliareooaris, nora. nov. 
(AphareuH, Paiihon), a Genus of the 
Crustacean Family, by W, T. Caiman, 
219-223. 

Sbelford, R., The British Museum Col- 
lection of Bhittidfe enclosed in Amber, 
59-70. 

Sicyonia, M%lne^Edu\, mentioned, 220. 
carinata, Milne-Edtr., mentioned, 
ftnote, 220. 

Silurus, Linn., mentioned, 301. 

Siphanta, StH, mentioned, 30{), 311. 

Size characters, 466, 467, 471. 

Socarnes erytln'ophthalmus, Robertson, 
mentioned, 271. 

Solaster endeca (Linn,), mentioned, 172. 

papposus (Fair.), mentioned, 172. 
Somatic Characters and Chromatin Rod- 
Lengths, being a Further Study of 
Chromosome Dimensions, by C. F. XT, 
Meek, 107-U9, 
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Spatftngut purpureuB, O. F. Mull,, men- 
tionedy 172. 

Spatba, Lea, 259. 

arcuaia, Caill., menUoned, 2B0. 
cailliaudi, Martena, 259. 
canaida, Bourg., mentioned, 260. 
fourtaui (Pallary), 261 ; mentioned, 
262. 

hartmanni, Martens, 200. 
inuesi, Pallary, 260. 
lepaii, Jickeli, mentioned, 260. 
lefourmiuti, Bourg., mentioned, 2<K). 
marnoi, Jickeli, 26] . 
rubens (Lam,), 259; mentioned, 234, 
260. 

wahlbergi, Krauu, 260; mentioned, 
234, 201. 

wissmanni, Martens, mentioned, 2fl0« 
^athella fourtaui, Pallary, 261. 
Spermatocytes, Primary, 11-13 ; Secon- 
dary, 13, 14. 

Spermatogenesis of .Stenobothrus curti- 
pennis, 109-111, 

of Stenobothrus viridis, with Special 

Reference to the Ileterotropic Chromo- 
some as a Sex Deterniinant in Grass- 
hoppers, by Capt. C. F. U. Meek, 
1-26. 

Spermatogonia of Stenobothrus, 8-11. 
Sperinatogonial metaphase, 109. 

Sphserium, Seojy,, 203 ; mentioned, 235. 
teilhardi, Pallary, 263 ; mentioned, 
236. 

Sphenoderia, ScfUumb,, 152. 

dentata, PefMrd,\b2, 160; mentioned, 
126. 

hssirostris, Petiard, mentioned, 152. 
lenta, Schlumh,, 152; mentioned, 84, 
126. 

para, ‘Leidy, 152. 

macrolepis, Leidy, 83, 152 ; men- 
tioned, 85, 1 20. 

Spiraxis erimia, Shuttl., 385. 

Spirosperma ferox, Eiseu, 101. 

Spolia Runiana. — 1. Funiculina quadran- 
gularis (Pallas) and the. Hebridean 
Diazona violaoea, Savigny, by W. A. 
Herdman, 163-172. 

' n. Funiculina quadrangularis 

(Pallas), Diasona violacoa, Sav., Forbe- 
sella tesseliata (Forbes), Variation in 
JOURK, — ZOOLOOT, VOL, XXXXI, 


Ascidia, and Records of Tarious rare 
luvertebrata, by W. A. Herdman, 269- 
285. 

StauroderuB bicolor (Charp,), mentioned, 
117. 

Steiroxys trilineatus, Herm,, mentioned, 

10 . 

Stenobothrus, Fisch,, mentioned, 108, 112, 
115, 117. 

bicolor (Ckarp,), Bris,, 116; com- 
plexes of, 112 116, 117, 118. 
biguttiilus (Linn,), Eoersm., men- 
tioned, 2, 3, 9, 10 ; chromosomes in, 
11, 18. 

curtipennis, Scudd., 116; mentioned, 
8, 108; chromosome measurement 
of, 112-114; complexes of, 112- 
116, 117, 118. 

parallelus, Brunn, 115 ; complexes 
of, 112-118. 

viriduluB, Fisch., 115; mentioned, 
109, 112; complexes of, 112, 114- 
119; speimsatogenesis of, by Capt. 
C. F. U. Meek, 1-26. 

Stenogyridse, 245 ; from Madagascar, 385. 
Steriopidea, mentioned, 222. 

Stenothoe marina (Spence Bate), men- 
tioned, 172. 

Stentor, Oken, capture of, by Amoeba, men- 
tioned, 154. 

Stomatodon, Seeley, mentioned, 378. 
Streptaxis, Oray, mentioned, 236. 
sp., 245. 

sudanica, Preston*, 245, 265; men- 
tioned, 268. 

Streptoneura from Madagascar, 377. 
Streptostele, Dohm, sp. ?, 245. 

Styela [=Stycla, iSlav.], mentioned, 281. 
StyelinsB, mentioned, 279. 

Stylaria lacustris (Linn.), Johnsl., 99. 
Stylets of Schizoneura, 320, 822. 
Stylodrilus, Clap.^ mentioned, 99. 

vejdovskyi, Benham, 100. 
Stylommataphora, 245 ; from Mada- 
gascar, 380. 

Stylopyga, Fisch., mentioned, 67. 

Suberites eamosus, Or ay, mentioned, 271. 
Submytilacea, 261, 

Succinea, Drap,, 250. 

mgyptiaca, Ehrenb., 260. 
cle(»patr», PaUary, 260. 

44 ' 
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Suocinea mdica, Jickeli^ 260. 

rugulosa (HUgy)^ MorM, mentioned, 
ftiiote 286. 

Suocineidte, 260. 

Suction by Schizoneura, 324 ; — canal of 
Scliizoneura, 820. 

Sympbyla, On the Classification of the 
Order, by R. S. Ba^nall, 196-199. 
Symphylella, SUvegtri^ 198, 199; men- 
tioned, 196, 196. 
antennata {Hanten)^ 199. 
breyipes (Hansen^ 199. 
delicatula (Bagnall), 199. 
dunelmensis, Bagtmll^ 199. 
horrida {Baynall)^ 199. 
isabeUffi (Gr(U»i)f 199 ; mentioned, 
196. 

jacksoni (Bagnall)^ 199. 
minutissima {Baynalt)^ 199. 
neotropica (Hanun), 199. 
pusilla {IIan9m\ 199. 
simplex (Hanmi)^ 199. 
texana (BLftnsen), 199. 
vulgaris (Han9en\ 199. 

Sympleustes latipes (M, San)^ mentioned, 
172. 

Syncoelidum, Wheeler j mentioned, 87. 
Syndexamine, ChUtm 882. 

carinata, Chilton*, 882-835, pi. 26. 
Syntethys, Forbes, mentioned, 166, 166, 
f tnote 276. 

hebridicuB, Forbes ^ Qoodsir, men- 
tioned, 168, 166, 167, 171, 276. 
Syrbula, 8t9l, mentioned, 2, 9. 

aeutioomis, Brun,, mentioned, 4, 9. 
admirabilis, UhL, mentioned, 2, 8, 4, 
18. 

Tmnioglossa, 287. 

Tanalia, Lay, mentioned, 878. 

Taphrospira, BUmdford, mentioned, 876, 
388. 

Temnopteryx klebei, Shelf ord, 61 ; men- 
tioned, 62, 68, 69. 

Temora longicomis, Q» Bars, mentioned, 

86 . 

Tentades of Edwardsidas, 619-629. 
Terebranfiia, West Indian, 4p6. 

Terrestrial Isopods, On the Range of 
Variation of their Oral Appendages, 
by W. E. OoUinge, 287-294. 


Testacellides, 246. 

Testis of Stenobntbrus, follicles of, 6-8. 
Tethya lyncurium (Linn,), Schmidt, men- 
tioned, 271, 

Textularidie, mentioned, 272. 

Thais rumina (Ztnn.), Godt., 176. 
Thalassiosira, CUve, mentioned, 29, 81, 34. 
gravida, CUoe, mentioned, 29, 84, 36. 
Nordenskioldii, Cleve, mentioned, 29, 
84, 85. 

Thames Valley, Some Annelids of the, by 
Rev. Hilderic Friend, 96-106, 

Tlianaos tages (lAtm,), Boisd,, 190. 

Theda ilicis (Esp), mentioned, 186. 

pruni {Linn,), 186. 

Thripidee, 498. 

Thysanoptera from West Indies, 496-607. 
Tinea, Cuv,, mentioned, 801. 

Tintinnid^, mentioned, 30, 81. 

Tiutinnus, Schrank, mentioned, 183. 
Triangtdus munidte, G. W. Smith, 430; 
mentioned, 272. 

Trichoniscus, Brandt, mentioned, 418, 420, 
435, 438, 446. 

magellanlcus, (Ikina), Stebb,, men- 
tioned, 468. 

roseus (Koch), Bttdde^Lund, 289 ; men- 
tioned, 287, 288, 293. 

Trichorhina quisquiliarum, Budde-Ltmd, 
610. 

Trigonopyxis, Penard, 169; mentioned, 
182. 

arcula (Leidy), Penard, 166, 160 ; 

mentioned, 124, 182, 212. 
arcula, Penard, 169. 

Trinema, Dujard,, 152, 160. 

complanatum, Penard, 162, 160 ; men- 
tioned, 126, 127, 208, 218. 
constricta, Certes, mentioned, 211. 
enchelya {Ehrenb,), Leidy, 152, 160: 
mentioned, 126, 211, 213. 

pars, Leidy, 162, 160. 

, var. galeata, Penard, 208 ; men- 
tioned, 218. 

lineare, Penard, 152, 160 ; mentioned, 
126, 127, 128, 218. 
sauTineti, Osrtes, mentioned, 211. 
Trinidad Thysanoptera, 495-607. 
Troehis<n*-sp., mentioned, 85. 
Trepidophora batsiloensis, B, A, Smith, 
879. 
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Tropidophora balteata (Sowerby), 880. 
bicarinata (Sowerby)^ 379, 
congenera, E, A. Smith, 379. 
ligata (O. F. Mull.), Eohson *, 380. 
sp. P, 379. 

Trypbosa Horingii, Boeek, mentioned, 271. 

Saieii (J^onmei*), mentioned, 172. 
Tryxalidie, mentioned, 108. 

Tubifex, Lam., mentioned, 96, 106. 

urabellifer, Lankeater, 100. 

TubiiicidfB, 100 ; mentioned, 96, 96. 
Tubulifera, 499. 

Uncinaia, Beddard, 08. 

Unio tagypixacua, Oaill., 263. 
cailliaudi, F4russ., 266. 
emeritus, Bourg., mentioned, 252. 
eurj'ssellinus, Bourg., mentioned, 262, 
263. 

euryaaellitnta, Ijetourn., mentioned, 235. 
lithopkagua, Parreyss in MS., 266. 

Ziegler in MS., 266. 

mysticus, Bourg., mentioned, 235. 
nilotieua, Caill., 262. 
parreyssi, KiiaUr, 264. 
parreyasi, v. d. Buscb, 264. 

var. achweinfurthi. Martens, 

mentioned, 266. 

phibsicus, Bourg., mentioned, 262. 
aennaarienaia, Kiister, 262 : mentioned, 
263, 264. 

var. achweinfurthi, Martens, 

mentioned, 266. 
teretiuaeulua, Philippi, 266. 

UnionidsB, 262. 

Urocyclus pinguis, JRobaon *, 380, 388, 389. 

Vaginulidm, 261; from Madagascar, 383. 
Vaginulina legumen (Xf>m.), d*Orb., men- 
tioned, 273. 

Vampyrella, deftk,, mentioned, 163, 203. 
lateritia (jFVesea.), Leidy, 203; men- 
tioned, 128. 
apirogyra, Cienk., 203. 

Vampyrellida, ^3. 

Yanessa antiopa (Zmn.), Godt., 181. 
io (Linn.), Godt., 181. 
polychloros (X^.), Godt., 181. 


j Vanessa urticm (Lirm.), Godt., 181. 

I Verity, lioger, lievision of the Linnean 
Types of Palasarctic lihopaiocera, 173- 
191. 

Vermiculus, Goodrich, mentioned, 102. 
Veronicelln, Blainv., 261. 

hovarum, Rohaon 383, 388, 389. 
uilotica, Cockerell, 261 ; mentioned, 
236, 236 ; its Dentition etc., by G. 0. 
Robson, 266. 

Vinneta, Budde-Lund, subgen., 439, 440. 
Virgularia, Lam., mentioned, 274. 

mirabilis, Lam., nlen tinned, 274. 
Vivipara, Lam., 237. 

capillata, Frauenfeld, mentioned, 238. 
unicolor, Olivier, 237 ; mentioned, 238. 
I , var. biangiilata, Kiiater, men- 

tioned, 238. 

Viviparidie, 237. 

VobUafluvhtilia, Rumph., 379. 

Forehead, 310, 311 note. 

Wailes, G. II., Freshwater Rhizopoda and 
Heliozoa from the States of New York, 
New Jersey, and Georgia, TJ.S.A., with 
Supplemental Note on Seychelles Species, 
121-161. 

j Freshwater Rhizopoda from North 

I and South America, 201-218. 

Walker, Alfi’ed O., On the Amphip(»da, etc. 

collected from the ‘Runa,’ 171-172. 
Wanzenapxitze, 310 ; mei\tioued, 309. 

I West Indian Thysanoptera, 495 -607. 

Wilsmore, Leonora J., On some Ilex- 
acdnisB from New South Wales, 39-66. 

Xesta, Alb., mentioned, 382. 

Xestina, Ifciff., mentioned, 382. 
Xiphidium, Burm., its germ-cells, men- 
tioned, 2, 3. 

fasciatimi {Da Geer), Bunn., men- 
tioned, 10. 

Zephyrus betulss (Itnn.), Godt., 187. 

quercus {Linn.), 186. 

Zoanthactiniaria, 616. 

Zoanthauria, Oarigren, 516. 

Zoantkinaria, 516. 

ZonitidfB from Madagascar, 381. 
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